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ABSTRACT 
Beaver Creek Wetland Complex, a United States Forest Service wetland 
restoration project, gives a unique opportunity to study wetland development 
in Eastern Kentucky. We assessed five constructed wetlands (ranging from 
5 to 3 years in age) and determined if avifuana and plant communities were 
similar to a nearby natural wetland. All of the constructed wetlands were 
attracting avifauna and plants dependent upon shallow water and/or 
saturated soil communities for their existence (obligate wetland-species). 
However, neither the plants nor birds were similar to the control site. For 
avifauna, community similarity to the control ranged from 0.243 to 0.635; for 
macrophytes community similarity was even lower, ranging from 0.116 to 
0.186. Avifauna richness was significantly correlated to habitat diversity 
(r=0.792; p=0.06). All of the constructed wetlands had a greater macrophyte 
richness than the control. A sediment core of the control site allowed a look 
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at the past communities development. The pollen stratigraphy indicated that 
the control site has been a wetland for the last 1,840 years. We found that 
the control site did not accumulate significant organic material (up to 28% 
organic matter) until after the nearby river was dammed. Deforestation 
seemed to alter the hydrology and allowed the establishment of Sphagnum. 
No significant correlations were found between organic matter and total 
phosphorus (r=0.316), total iron (r=0.079), or total sulfur (r=0.055) in the core 
sediments. Natural wetlands appear to be stable components of the Cave 
Run Lake watershed; constructed wetlands are currently not able to maintain 
a similar stability. 
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CHAPTER! 
A Survey of Avifauna 
1.1. Introduction 
Eighty percent of America's breeding bird population and more than 50 
percent of the 800 species of protected migratory birds rely on wetlands 
(Wharton et al. 1982). Wetlands are the rarest habitat in the Daniel Boone 
National Forest (DBNF) (Beibighauser 1993); therefore, fifty wetlands · 
covering an area of 24 hectares (ha) have been constructed since 1989 at 
Morehead Ranger District in the DBNF to encourage the establishment of 
wetland habitat, and hence, waterfowl populations in the National Forest.. 
Waterfowl also act as an indicator of wetland health. If they are present, 
aquatic insects and hydrophytes that waterfowl are dependent upon will also 
be present. This research seeks to determine if the constructed wetlands are 
attracting obligate species and have bird populations established in the same 
richness, diversity and abundance as natural wetlands. 
1.2. Literature Review 
1.2.1. Hydrology 
Wetland hydrology and waterfowl use have a positive correlation 
(Weller 1994; Beauchamp et al. 1996). Catfish ponds in Mississippi act as 
artificial wetlands to waterfowl in a region decreasing in natural wetlands, 
and as a water source during drought periods when natural wetlands dry out 
(Christopher et al. 1988). Bethke and Nudds (1995) have found that, since 
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1951, drought, not agriculture, has been the reason for waterfowl decline in 
Canadian prairie-park lands. Batt et al. (1989) also found that hydrology 
had an effect on waterfowl breeding success in the prairie pothole region. 
Wetlands constructed to attract breeding and migratory waterfowl tend 
to have an average depth of about one meter. Wetlands managed for 
hunting tend to be mostly shallow water (<1 m) (Payne 1992), while wetlands 
managed for refuge have a greater ratio of deep water and shallow water 
(Boekhout et al. 1989). Logan (1975) and Slimack (1975) both suggested 
that impoundments designed for the American Black Duck (Anas rubripes) 
have 25-50% of the surface area less than 0.9 m deep. Lewis and Nelson 
(1988) also found a direct positive correlation between shallow water ~ 1 m 
deep) and American Black Duck populations. However, water levels of 0.45-
1.2 meters tend to establish a 50:50 ratio of open water to emergent 
vegetation -- considered optimal for duck populations (Farmes 1985). 
Ponds used to attract diving ducks tend to be deeper, and therefore 
have less emergent vegetation (Linde 1985; Lokemoen et al. 1994). Water 
levels > 1.5 m tend to inhibit plants that can attract breeding ducks (Payne 
1992). Breeding waterfowl, such as Canada Geese (Branta canadensis), 
have been shown to prefer less than 10% emergent cover (Ringel man 1990). 
The best wetland complex should_ incorporate all water levels (moist-soil , 
shallowwater and open-water); however, specific management goals 
determine what areas will dominate (Payne 1992). 
Surface area is also an important factor in waterfowl use. 
Impoundments greater than 10 ha can be heavily used, especially by duck 
populations (Bates et al. 1988). Craig and Beal (1992) found that species 
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richness of wetland birds correlates to total marsh area, while Grover and 
Baldassarre (1995) found this untrue for beaver ponds. Larger wetlands 
support a greater assemblage of plants and animals by retaining water during 
droughts (McKinstry and Anderson 1994). Often, there is a lag time, after 
droughts, of recovery for waterfowl populations (Wiens 1977). 
1.2.2. Management Techniques 
Most construction criteria call for hydrologic control structures to be 
placed in waterfowl-managed wetlands (Copelin 1961; Gough 1988; Carroll 
1990). Draw-downs allow the manager to increase bird food supply by 
stimulating seed plant and benthic invertebrate growth (Kusler and Kentula 
1990; Wilcox and Meeker 1992). During reproductive periods, waterfowl, 
such as Canada Geese, eat invertebrates to supplement protein needs for 
egg production (Prichert 1991 ). 
Draw-downs are commonly used to enhance emergent vegetation for 
waterfowl use (Kadlec 1962; Payne 1992). The response of plants to water 
level manipulation depends on the timing of annual draw-downs and the 
stage of succession in the impoundment; for example, smartweed 
(Polygonum spp.) seed production is enhanced when the wetland is drawn-
down to moist soil conditions in the spring (Payne 1992). Wetland managers 
draw-down in the early summer to establish emergent vegetation growth and 
then raise water levels to give the broods more open water in the fall. 
Without the use of draw-downs, natural or induced, wetlands vegetation 
heterogeneity deteriorates (Pyrovetsi and Papastergiadou 1992). 
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Modern agricultural practices, such as planting corn, grain sorghum, 
or other foods near impoundments, provide waste grains and forage crops 
important for wintering waterfowl (Slimak 1975). Artificial housing, such as 
Wood Duck (Aix sponsa) nest boxes, also increases waterfowl establishment 
(Bates et al. 1988). Establishment increases can also be accomplished 
naturally during construction by leaving adjacent trees and bushes (Copelin 
1961). 
Some plant species that readily establish naturally may inhibit 
waterfowl usage. Although cattails (Typha latifo/ia) provide habitat, Logan 
(1975) found that excessive growth(> 50%) discouraged puddle ducks. Post 
and Seals (1991) found that average bird nesting density of an impounded 
South Carolina cattail marsh was 16.7 nests per ha, mostly controlled by 
water levels. They surmised that lower water levels resulted in lower nesting 
density because of increased predation. 
1.2.3. Waterfowl Establishment in Daniel Boone National Forest 
Mid-December counts in 1990 estimated migrant waterfowl 
populations from the Southern James Bay Population (SJBP) wintering in 
Ohio, Kentucky, Michigan, Tennessee and Alabama at 150,000 (Prichert 
1991). Cave Run Lake, a 3308 ha lake, combined with habitat provided by 
the 120 ha Minor E. Clark Fish Hatchery, has influenced species utilization 
not usually observed in this region of Kentucky (Busroe 1991). A total of 230 
avian species have been recorded in this area since 1980 (Busroe 1996). 
A breeding goose population was established at Cave Run Lake in 
1978. As a result of this effort and others across the Commonwealth, 
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resident Canada Geese populations, based on statewide banding counts, 
have grown from 7,000 (Prichert 1991) to 17,000 (Prichert 1996). Great Blue 
Heron (Ardea herodias) nesting has also increased in Kentucky; the 1994 
total of approximately 1750 nesting pairs represented an increase of nearly 
180% over the 1984 totals (Palmer-Ball and Wethington 1994). 
1.3. Site Description 
The wetlands selected for this study are located southwest of Cave 
Run Lake in the Beaver Creek Wetland Complex of DBNF, Morehead Ranger 
District, in Menifee County (Figure 1). The complex contains'37 wetlands 
built to enhance waterfowl populations as part of the Wild Wings Project -- a 
combined effort of the United States Forest Service (USFS), Ducks Unlimited 
Inc., the Soil Conservation Service (Natural Resource Conservation Service), 
Kentucky Department of Fish and Wildlife Resources (KDFWR), U.S. Army 
Corps of Engineers (USACE) and local civic groups. The study sites are all 
affected to some degree by water-level manipulations at Cave Run Lake. The 
study sites have been allowed to establis~ vegetation naturally (no plantings 
were done). The wetlands are managed primarily for waterfowl habitat; 
therefore, water control devices were added to allow the draw-down of 
wetlands to optimize aquatic insect and plant growth for waterfowl forage. 
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Figure 1. Location of Wetland Complex and Natural Wetland. 
KENTUCKY 
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The wetlands are surrounded by steep wooded slopes on the upland 
side. Approximately 22 ha of planted wildlife food (wheat, grass, clover, and 
corn) have been established adjacent to the wetlands. Over 60 nesting 
platforms for Canada Geese and more than 180 Wood Duck nesting boxes 
were placed in the wetlands (Table I). The numbers used to identify each 
constructed wetland are in accordance with the USFS numbering system for 
constructed wetlands. 
Water depth at the sites remained fairly constant, varying only by 1 O 
cm. However, two wetlands were drawn-down during the study period. 
Wetland 29 was at half capacity by 22 July and completely drained by 5 
August. Wetland 29 was drained because carp had entered during flooding. 
The adjacent land planted in corn was also flooded. Wetland 1 was drained 
between 21 May and 5 June to repair muskrat damage to the dam. This 
wetland reached full capacity by 7 October, 1995. 
The control site, a 1.8 ha oxbow of the Licking River, is located near 
the Minor E. Clark Fish Hatchery, in Farmers, Rowan County, Kentucky. It 
differs from the created wetlands in that it is completely surrounded by 
bottomland forest and has very little natural water fluctuation. 
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Table I. Basic Wetland Characteristics during Study Period. 
Wetland Size (ha) Wood Duck Goose 
Boxes Platforms 
1 1.9 2 0 
13 1.2 0 1 
18 1.3 2 1 
21 0.8 0 2 
29 0.4 0 0 
Control 1.8 0 0 
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Years Drawn-
down 
91,93,95 
94 
91, 93 
94 
94, 95 
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1.4. Methods 
1.4.1. Avifaunal Observations 
Avifauna were observed approximately every other week from April-
December, 1995. Each wetland was approached as quietly as possible. 
Floating birds were observed and counted first, then wetland perimeter birds 
were counted. Birds were identified using Peterson (1980). 
Avifaunal observations were made on the following dates: 4, 29 April; 
21 May; 5, 18, 22, 23, 24 June; 9, 10, 22 July; 5, 19 August; 2, 23 
September; 7, 8, 28 October; 11, 25 November and 8, 9 December. Bird 
observations were usually made before 12:00 pm. 
Obligate bird species were determined based upon general knowledge 
and published observation; they were: Great Blue Heron, Green-backed 
Heron (Butorides striatus), American Bittern (Botaurus /entiginosus), Great 
Egret (Casmerodius a/bus), Canada Goose, Wood Duck, American Black 
Duck, Mallard (Anas p/atyrhynchos), Blue-winged Teal (Anas discors), 
Redhead (Aythya americana), Ring-necked Duck (Aythya collaris), Common 
Goldeneye (Bucepha/a c/angu/a), Buffleh~ad (Bucephala albeola), Hooded 
Merganser (Lophodytes cucullatus), Belted Kingfisher (Megacery/e a/cyan), 
Swamp Sparrow (Melospiza georgiana), and Red-winged Blackbird (Age/aius 
phoeniceus) (Kentucky Ornithological Society 1988; Grover and Baldassare 
1995) . 
1.4.2. Avif11unal Analysis 
Species richness (number of species) and abundance (number of 
birds observed) were used to evaluate bird use of wetlands. Species diversity 
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was calculated by uslng Shannon's index (Shannon 1948, as described in 
Brower et al. 1989): 
H' =-~Pi log Pi, 
Shannon diversity index, H', was used because the sample of species 
abundance is a random sample of the entire individual wetland community 
(Brower et al. 1989). 
Community similarity between the control site and the constructed 
wetlands were calculated using Horn's (1966) method as cited in Brower et 
al. (1989), where H3' considers all the data to be from the same collection: 
H3' = [MogN - Z(Xi+Yi) log (Xi+Yi)]IN; 
H4' is what H' would have been if each species abundance from both 
communities were from a different species. Therefore, obtaining the 
maximum value of H': 
H4' = (N log N - Z Xj log Xj - Z Yi log yt)I N; 
Hs' is the minimum obtainable H': 
Hs' = (N1H1' + N2H2')/ N; 
and Ro is Horn's index of community overlap: 
Ro = (H4' - H3' ) I (H4' - Hs•). 
Statistical analyses utilized the software Statview 4.0 for 
PowerMacintosh. A significance level of 0.1 0 was chosen for all analyses. 
1.4.3. Habitat Analysis 
Habitat diversity, or horizontal habitat, was also evaluated using 
Shannon's index of habitat diversity. Habitat categories (emergent 
vegetation, open water, shrubs, and trees) were figured as percent cover. 
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. Open water included submergent vegetation. Small willow trees ~ 1.52 m) 
were included as shrubs. Shrubs were only included if they were standing in 
the water when the wetland was at full capacity. The same held true for 
trees; however, if branches hung over the wetland they were figured into the 
habitat diversity. The percent cover was based on field observation and 
wetland morphology maps. 
Morphology maps were constructed based on field measurements. 
Each wetland was marked off into transects and depth was measured every 
meter. The measurements were then placed on a grid and an outline of the 
water depth was drawn. 
1.5. Results 
The constructed wetlands were attracting obligate species. However, 
avifauna have not established in the same species richness, diversity or 
abundance as in the more established wetlands (Table II). The type of 
habitat available varied between wetland sites as well as the control site 
(Figure 2). 
11 
Table II. Summary of Avian Observations. 
Wetland Species Obligate Species Percent Species Habitat 
Richness Species Abundance Obligate Diversity Diversity 
Richness seecies 
1 18 12 220 37% 1.227 0.440 
13 6 4 57 75% 0.842 0.150 
18 25 11 153 78% 1.091 0.589 
21 23 10 148 58% 1.176 0.342 
29 18 6 87 41% 1.173 0.476 
Control 15 11 118 85% 1.118 0.440 
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Figure 2. Percentage of Habitat by Weiand Site. 
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1.5.1. Avifauna Observations 
Species abundance was 783 and species richness 48. Of the 783 
individuals observed, 59% were obligate species. Canada Geese were 
found in the greatest numbers (107). Mallards were the second most 
observed species at 75 individuals, followed by Red-winged Blackbird (59 
individuals). Wild Turkeys (Meleagris gallopavo) were observed more than 
any other non-wetland species (55 individuals); 48 were observed at one 
time. 
Wetland 18 had the greatest species richness (25), while wetland 13 
had the lowest (6). Wetland 1 had the greatest species abundance (220) 
and wetland 13 had the lowest (57). Wetland 21 had the greatest species 
diversity (1.1760) and wetland 13 had the lowest (0.8421 ). The control site 
had the highest percentage of obligate species (85%) and wetland 1 had the 
lowest (37%). Constructed wetlands varied in community similarities (Table 
Ill) to the control site. Community overlap ranged from 0.243 to 0.635. 
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Table Ill. Avifauna Community Similarity to Control Site. 
Wetland H' H3• H4° Hs' 
1 1.227 1.357 1.449 1.189 
13 0.842 1.145 1.267 1.028 
18 1.091 1.207 1.388 1.103 
21 1.176 1.338 1.150 1.150 
29 1.173 1.327 1.408 1.074 
Ro 
0.401 
0.510 
0.635 
0.347 
0.243 
Where: H' is the species diversity; H3' considered all the data to be from the 
same collection; H4' is the maximum value of H'; H5' is the minimum 
obtainable H'; and Ro is the community overlap. 
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1.5.2. Effect of Habitat and Diversity 
Wetland size did not significantly correlate with species abundance (r 
= 0.510), richness (r = -0.152) or diversity (r = 0.026). Individual wetland 
area plays a small role in comparison to the surrounding landscape (Beaver 
Creek Wetland Complex, Cave Run Lake and Minor E. Clark Fish Hatchery). 
Many of the species tend to move to anotherwetland when disturbed. The 
close proximity and small size of the wetlands make multiple wetland use 
possible. 
Habitat diversity was significantly correlated to avifauna species 
richness (r = 0. 792; p = 0.06) (Figure 3), but not diversity (r = 0.068) or 
abundance (r = 0.517). Wetlands with more open water had significantly 
lower habitat diversity (r = -0.752; p = 0.09); however this was not a definitive 
factor determining abundance (r = -0.333), diversity (r = -0.397), richness (r = 
-0.484), or percentage of obligate species (r = -0.449). 
Although habitat and species diversity were not significantly 
correlated, they appear to be closely linked, as expected (Figure 4). Wetland 
13 had the lowest species diversity, richness, and abundance, apparently a 
direct reflection of habitat diversity. Wetland 18 had the greatest habitat 
diversity, apparently accounting for it having the greatest species richness . 
and obligate species abundance (125). The three wetlands (1, 21, and 29) 
with the highest species diversity had 65 to 77% open water. Water lilies 
(Nuphar advena), the dominant species at the control site, limited use by 
Anseriformes, which were found less frequently between June and 
September. 
16 
Figure 3. Relationship between Habitat Diversity and Avifauna Species 
Richness at Wetland Sites. 
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Figure 4. Habitat Diversity and Avifauna Diversity of Wetlands Studied. 
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1.5.3. Breeding Evidence 
Breeding evidence at the wetlands were observed on 2 May, 5 and 22 
June. A female Hooded Merganser was spotted with five ducklings on 2 
May at wetland 21. Previous to this sighting, breeding Hooded Mergansers 
had not been found east of Louisville (Beibighauser 1996). The Kentucky 
Ornithological Society (1988) reported breeding activity, for the Hooded 
Merganser, west of the Cumberland Plateau to the southwestern lowlands. At 
wetland 18, nine of the thirteen Canada Geese observed were goslings. On 
the 22 June visit, an unhatched goose egg was found at wetland 18 on the 
goose platform. The draw-down of wetland 1 (5 June observation) allowed 
easy access to the Wood Duck boxes where three young Wood Ducks were 
observed. 
1.5.4. Seasonal Distribution 
Seasonal patterns in species abundance and percent obligate species 
varied among the control site, wetlands drawn-down, and wetlands not 
drawn-down. The percentage of obligate species remained high throughout 
the study periods, with the exception of the wetlands drawn-down. It is 
unclear as to whether any seasonal patterns exist in species abundance. 
However, species abundance at the control site was lowest during the 
growing season as were the number of Anseriformes. Migratory species 
were sighted at expected time periods, according to Kentucky Ornithological 
Society (1988), with the exception of the Great Blue Heron and Wood Duck. 
Both species were sighted on 8 December at wetland 1. A Great Blue Heron 
was also sighted on 9 December at the control wetland. 
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1.6. Discussion 
Wetland 18 appears to be the most successful wetland in terms of 
waterfowl management. Wetland 18 attracted the greatest species richness 
(25) and highest percentage of obligate species (78% ). The success of the 
wetland was probably because of the high habitat diversity (0.589), with an 
approximate ratio of 1.0:0. 75:2.0:0.25 of emergent, shrub, open water and 
tree habitat, respectively. However, wetland 1 had the greatest species 
diversity, probably a result of its high species abundance. This wetland also 
had the lowest percentage of obligate species, probably because of wetland 
draw-down. Wetland 29, also drawn-down, had a low percentage of wetland 
species. 
Community similarities between the control site and constructed 
wetlands would indicate that wetland 18 was the most successful wetland in 
attracting species similar to the control site. However, community similarity 
(0.635) was a reflection of the high abundance (153) of obligate species. 
The high percentage of obligate species (75%) in wetland 13 is also reflected 
in species overlap (0.510). However wetland 13 had the lowest species 
richness, species abundance, and species diversity, as well as habitat 
diversity. The remaining wetlands, two of \1\/hich were drawn-down, had 58% 
or less obligate species which resulted in a lower species overlap. 
Therefore, community similarity is not a good indicator in determining if a 
wetland is successful. 
No correlation between wetland size and species richness, abundance 
or diversity was apparent. This could be because of the small sample size or 
that the Wetlands themselves provided very little habitat when compared to 
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the surrounding area, i.e. Cave Run Lake and Minor E. Clark State Fish 
Hatchery. 
The success of the Wild Wings Project is determined by the specific 
goal of the wetland manager. This study provides baseline data, but future 
studies or observers should: 1) increase the number of wetlands observed; 2) 
increase the observation duration; 3) observe species use during different 
time periods; 4) increase the number of wetlands evaluated; and 5) have the 
observer hidden .behind blinds. The above factors should be addressed to 
better understand the avifauna using the constructed wetlands. 
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CHAPTER II 
A Survey of Macrophytes and Soil Development 
2.1. Introduction 
Most wetlands construction is done to mitigate for damage, 
destruction, and drainage during road, mall, and residential development; 
however, some wetlands have been created by hunters and/or conservation 
groups to enhance waterfowl (Mitsch and Gosselink 1993). Since natural 
restoration is slow, knowledge of the processes that drive succession is 
critical to the restoration of areas altered by human activity (Mitsch and 
Jr/Jrgensen 1986). To understand why some wetland mitigation projects have 
not worked, it is essential to understand the forces that drive species 
establishment. One obvious factor is the presence of water (at least in the 
root zone) during the growing season. However, little is known about the 
successional process in many wetland ecosystems. This study seeks to 
evaluate vegetation establishment and soil development in constructed 
wetlands of varying ages by comparing them to a nearby natural wetland 
community. 
2.2. Literature Review 
2.2.1. Wetland Construction 
One of the problems in building wetlands is that few guidelines exist to 
enable an ecological engineer to construct an ecosystem that will persist 
without human hydrologic and biologic intervention. Redmond (1992) found 
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that only 3 out of 119 mitigation sites inspected in Florida were in full 
compliance, and only 17 were "ecologically successful." There are other 
specific problems inherent in the ecosystem creation process: the quality of 
the restored or created wetland may have ecological structures and functions 
different from those of a natural wetland (Kusler and Kentula 1990). Often, 
the presence and relative abundance of key species populations become the 
performance standard, rather than ecosystem itself (Brinson and Rheinhardt 
1996). 
2.2.2. Hydrology 
Hydrology plays a major role in wetland systems. The hydroperiod is 
a result of the balance between inflows and outflows, surface contours of the 
landscape, and ground water conditions (Mitsch and Gosselink 1993). Some 
wetlands studies have revealed a few phenomena relating hydrology to 
species diversity. For example, fewer water level fluctuations cause a 
decrease in wetland plant species diversity (Millar 1972; Wilcox and Meeker 
1991 ). Wilcox and Meeker (1992) examined how these hydrologically-
induced flora affected the fauna. They found reduced plant diversity (caused 
by fewer water level changes or high water levels) resulted in decreased 
habitat for aquatic invertebrates. Millar (1972) noticed that higher than 
normal water levels caused a decrease in emergent plants and that two or 
more years of flooding could wipe out emergent cover completely. Almost 
one-third ofthe species variations in Huntingdon Marsh, Quebec were 
regulated by water depth (Auclair et al. 1973). 
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2.2.3. Ecosystem Development 
The interaction of aquatic plants and hydrology have been the subject 
of many studies. Classic research by van der Valk (1981) demonstrated the 
importance of seed banks and hydrology in wetland succession in prairie 
potholes. He found that seed banks could respond rapidly to hydrological 
changes, resulting in community changes in a few years. Recent 
greenhouse seed bank studies (Jurik et al. 1994) have found that even small 
sediment loads from agricultural runoff can significantly decrease wetland 
plant germination, especially for species with .small seeds. 
How aquatic plants interact with each other has also been the subject 
of a number of studies. Dominant emergent plants have a tendency to 
exclude each other, resulting in a monospecific community (Auclair et 
al.1973). Bertness (1988) showed that as a wetland community ages and 
accumulates peat, the peat itself may act as an autogenic negative feedback 
to inhibit growth. Although some interactions are negative, early research 
demonstrated that many small floating aquatic plant species can co-exist 
(Clatworthy and Harper 1962). 
Once established, plant communities may be altered by autotrophic 
feedback (McNaughton 1968; Elankovich and Wooten 1989). Keddy's 
(1989) four-year field experiment found that shrubs reduced diversity and 
that community structure is strongly influenced by competition; however, 
Tilman (1987) suggests abiotic forces may be more important. 
Animals dependent on wetlands may play an important role in plant 
proliferation. Plants with highly resistant seeds, which usually have a wide 
geographic range, can be tram;ported from one area to another by waterfowl 
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(DeValamming and Proctor 1968). Powers et al. (1978) studied seed 
distribution by waterfowl and found seeds with highly resistant coats can be 
internally transported by waterfowl. 
2.2.4. Soil Nutrients 
Wetland soil serves as a medium for many chemical transformations 
as well as a primary storage of available chemicals for most wetland plants 
(Mitsch and Gosselink 1993). Calcium (Ca) and magnesium (Mg) in soil are 
important nutrients for they affect the solubility of carbonate and phosphate, 
a critical nutrient for. plant growth (Brower et al. 1989). Potassium (K) and 
Zinc (Zn) deficiency (often prevalent in wet conditions) is generally 
associated with stunted plant growth and a reduction in chlorophyll (Donahue 
et al. 1977). The total phosphorus (P) influx is attributed to silt and clay 
deposited (Boggs and Weaver 1994). They also found that the loss of P 
bound in above-ground and dead organic matter had little effect on the total 
phosphorus (TP) in the riparian ecosystem. 
Wilson and Shure (1993) found that when early successional forest 
stages of were fertilized (13N:13P:13K) specie::; richness did not change, 
although certain species had a higher biomass. Craft et al. (1995) also found 
that species richness was not altered by adding Nitrogen (N) and P to the 
Everglades; however, certain species were favored. Many studies have 
shown agricultural runsoff is a nutrient source to wetlands, which may act as 
a net nutrient sink for N and P (Peverly 1982; Mitsch and Reeder 1992). 
However, plant uptake of organophosphate insecticide can be lethal in high 
concentration to plants and wildlife (Dieter et al. 1995). Although substrate 
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nutrient levels required to support aquatic plants are not well known (Allen et 
al. 1989, cited in Mitsch and Gosselink 1993), low nutrient levels 
characteristic of organic or sandy soils can cause problems in initial plant 
growth. 
2.3. Site Description 
Age of the constructed wetlands become important when looking at 
macrophyte diversity. Table IV illustrates the basic wetland characteristics 
that were examined to evaluate the macrophyte communities and soil. 
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Table IV. Wetland Characteristics for Macrophyte Survey. 
Wetland 
1 
13 
18 
21 
29 
Constructed 
1989 
1991 
1989 
1991 
1991 
32 
Topsoil Saved 
No 
Yes 
No 
Yes 
Yes 
Drawn-down 
Yes 
No 
No 
No 
Yes 
2.4. Methods 
2.4.1. Plant Collection 
Plant collections began in spring, 1995 and continued through the 
growing season. Macrophytes were collected about every two weeks at each 
wetland site. The entire wetland was parsed and a specimen of each 
flowering plant collected. Specimens were brought back to the Morehead 
State University (MSU) Herbarium for pressing, drying and identification. 
Major identification keys included Goodfrey and Wooten (1979); Fassett 
(1985); Strausbaugh and Core (1986); and Beal and Thieret (1986). 
Voucher specimens were collected for all wetland sites, and are available at 
the MSU Herbarium. The species list was grouped into Pteridophytes and 
Angiosperms (Monocotyledons and Dicotyledons). Within each of these 
groups, taxa were arranged alphabetically by families, genera, and species, 
according to guidelines in Stiles and Howell (1996). 
Plant categories were based on the information in Hannan et al. 
(1986). The categories are: Obligate (OBL); Facultative Wetland (FACW); 
Facultative (FAC); Facultative Upland (FACU); Non-wetland (UPL); and 
Draw-down (DRAW). OBL species are always found in wetlands under 
natural conditions, while FACW species are usually found in wetlands, (67% 
to 99% frequency). FAC species are found in wetlands 34% to 66% of the 
time. FACU species are seldom found in wetlands (1 % to 33% frequency). 
UPL plants occur in wetlands in another region, but are not found (<1 % 
frequency) in wetlands in the region specified. If a species does not occur in 
wetlands in any region , it is not on this list. DRAW species are typically 
associated with the drier stages of wetlands, such as· mud flats. 
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2.4.2. Community Analysis 
Plant communities were compared by looking at species richness 
(species diversity) and community similarity. Jaccard coefficient of 
community similarity (Mueller-Dombois and Ellenberg 1974, as cited in 
Brower et al. 1990): 
CCj = ___ c~--
s1+ s2 - c 
was used to compare each constructed wetland to the control. 
2.4.3. Soil Analysis 
Topsoil was collected from all the wetland study sites for comparison. 
All wetlands soils were submersed in water, with the exception of wetland 1. 
Three (3) sample sites from each wetland were randomly selected and grab 
samples were air-dried and ground. Samples were delivered for Mg, P, Ca, 
Kand Zn analysis to the Soils Laboratory at the University of Kentucky (UK), 
College of Agriculture, Lexington, Kentucky. 
2.5. Results 
2.5.1. Plant Collection 
The current study.resulted in the collection of 88 species, 
documenting 34 families and 61 genera (Table V). The largest family was 
Cyperaceae with 16 species or 18% of all species. The second largest family 
was Asteraceae with 11 species or 13% of all species. Poaceae (10 species) 
and Laminaceae (7 species) were also well represented. The largest genera 
were Carex (8 taxa) and Scirpus (5 taxa). The two oldest wetlands (1 and 
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18), constructed in 1989, had the highest species count: 46 and 48, 
respectively (Table VI). The other three wetlands (13, 21 and 29), 
constructed in 1991, had 31, 32 and 30 taxa, respectively. The control site 
had the lowest species count at 21 taxa. The community structure of the 
constructed wetland sites differed in similarity from the control site. They 
ranged from a community similarity of 0.116 to 0.186. 
The percentage of OBL species ranged from 29% to 53%, with 
wetland 21 having the highest percentage and the control site the lowest 
(Figure 5). However, the control site had the highest percentage of FACW 
plants at 52%. Moneywort (Lysimachia nummularia) was the only plant 
found at all wetland sites. The control site is dominated by waterlilies 
(Nuphar advena) (>50% of the wetland area). 
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Table V. Taxonomic Summary of Beaver Creek Wetlands and Control. 
Families 
Genera 
Species 
Families 
Genera 
Species 
Beaver Creek Wetland Complex 
Pteridophytes Monocots Dicots 
1 11 18 
3 22 30 
3 39 29 
1 
1 
1 
Control Wetland 
3 12 
4 16 
4 16 
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Total 
30 
55 
71 
16 
21 
21 
Table VI. Macrophyte Richness and Community Similarity to Control Site. 
Wetland 
1 
13 
18 
21 
29 
Control 
Macrophyte Richness 
46 
31 
48 
32 
30 
21 
37 
Community Similarity 
.116 
.130 
.145 
.177 
.186 
Figure 5. Plant Category by Percentage for Each Wetland. 
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38 
29 Control 
□ Percent FACW 
2.5.2. Sediment Analysis 
Table VII is a summary of the results. No relationships were found 
between soil development and wetland age, draw-down, or topsoil saved 
during construction 
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Table VII. Surface Sediment Analysis Summary (ug/kg). 
Wetland P K Ca 
1 .033 0.949 7.564 
13 .036 0.825 7.960 
18 .042 0.827 7.281 
21 .032 0.624 6.015 
29 .078 1.128 10.686 
Control .035 0.609 8.969 
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M_g_ 
0.909 
0.528 
1.636 
1.100 
1.358 
0.745 
Zn 
.478 
.026 
.017 
.025 
.027 
.086 
2.6. Discussion 
2.6.1. Macrophytes 
Species richness appears to be related to wetland age. Galatowitsch 
and van der Valk (1996) found that natural wetlands had a greater diversity 
than restored wetlands. In this study the control wetland probably had low 
diversity because the lack of water level changes created a Nuphar 
dominated wetland. The control site had species similar to the constructed 
sites, although the species richness was lower. Of the 21 plant species 
collected at the control site, 15 of them were also collected at the constructed 
wetlands. 
FACW and OBL species ranged from 67% to 87% in the constructed 
wetlands and were 81 % at the control site. Therefore, all of the wetlands are 
dominated by flora dependent upon water in the root zone during the growing 
season. The low concentration of FACW and OBL species, 76% and 67%, 
respectively, in wetlands 1 and 29 appears to be the result of the draw-downs 
that occurred during this study period. Wetlands 13, 18, and 21 (averaging 
84% OBL and FACW species) had approximately the same percentage as 
the control site (81%). Although the control site and constructed sites have 
comparable percentages of OBL and FACW macrophytes, the constructed 
sites had low community similarity compared to control. The lack of 
community similarity is probably a result of the young age of the constructed 
wetlands, management techniques of draw-downs, and the stagnant water 
levels at the control. 
There were 6 plants collected at the contol site, that were not collected 
at the constructed sites: Nuphar advena, Uniola latifolia, Helianthus 
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tuberosus, Lemna minor, Spirodela po/yrhiza, and Cephalanthus occidentalis. 
The Nuphar advena and Cephalanthus occidentalis are a result of the 
deeper water conditions over most of the growing season at the control site 
compared to most of the constructed sites. Both these species are common 
to wetland in this region; therefore, it is interesting that they have not 
established in the constructed wetland, even though the water levels 
conditions are present to allow germination and establishment in some 
portions of the constructed wetlands. It could be that the seeds of these 
plants are too large for waterfowl to transport. However, field work on 
Nuphar /utea colonization show that establishment is slow(> 5 years) and 
that reproduction is only vegetative early in (Barrat-Segretain 1996). It is 
possible that Lemna minor anp Spirodela po/yrhiza are not present because 
of specific nutrients lacking in the water column. Uniola latifolia (introduced 
species) and Helianthus tuberosus (FACU) may have been accidently 
introduced to the control site; however, it is interesting that they grow in the 
shallow water. 
Draw-down resulted in a dramatic change in the plant community. 
Wetlands once dominated by OBL and FACW species gradually came to 
support FAC and FACU species in greater species richness and numbers. 
Wetland 1 became dominanted by Carex sp. (OBL) within a couple of weeks. 
Members of Poaceae, mainly Seteria faberii (FACU) and Seteria geniculata 
(FAC), gradually became dominant until it reflooded. Vegetation 
establishment differed at wetland 29. Alismataceae and Poaceae (Agrostis 
alba), both OBL, established first. However, Leonurus cardiaca (FAC) and 
Prune/la vulgaris (FACU),- quickly dominated the wetland until reflooding. 
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So/idago juncea, a DRAW species, also established in wetland 1 and 29. 
van der Valk and Davis (1978b) observed different plant establishment 
patterns in the prairie pothole marshes. They found that when mud flats were 
exposed, annuals such as Bidens, Po/ygonum, Cyperus and Rumex 
established. ter Heerdt and Dorst (1994) found that plant establishment and 
dominance at draw-down varied depending on the time of year the mud flats 
were exposed. 
2.6.2. Soil Analysis 
Wetland 29 was receiving agricultural runoff, probably explaining why 
it had the highest levels of P, K, and Ca. Zn levels at wetland 1 (0.478 ug/kg) 
were 5.5 to 28 times higher than at the other constructed sites and control. 
The soil that wetland 1 was established on was probably not flooded 
previous to wetland construction. Zn levels are generally low in peat and 
muck soil (Stevenson 1986). 
A one-time soil analysis does not provide enough data to make many 
inferences about the ecosystem. However, soil testing provides important 
baseline data for further constructed wetland evaluations. 
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CHAPTER Ill 
Pollen and Soil Analysis of the Control Wetland 
3.1. Introduction 
A fallacy perpetrated in many ecology texts is that wetlands are 
ephemeral portions of the landscape, destined via successional processes to 
become upland forest. As both Colinvaux (1993) and Mitsch and Gosselink 
(1993) point out, this has never occurred in natural wetland ecosystems over 
human time. The classical use of the term succession implies that (1) 
vegetation oc_curs in recognizable and characteristic communities, (2) 
communities change through tiine brought about by biotic factors, and (3) 
changes are linear and directed towards a mature stable climax ecosystem; 
therefore, wetlands would be a sere (Mitsch and Gosselink 1993). Many 
wetlands receive heavy sediment loading, yet remain hydric ecosystems, with 
little variation in water level (Mitsch and Gosselink 1993; Reeder and Eisner 
1994). Because wetlands accumulate anoxic sediments, they have been 
favored by scientists as places to get continuous long-term records of the 
ecology of an area. By examining the sediment cores of wetlands, ecologist 
have been able to reconstruct the temperature, habitats, and biotic 
communities that existed in the past. 
A better understanding of local wetland successional processes is 
needed to evaluate the success of created or restored wetlands. This study 
used sediment records to evaluate biogeochemical cycles and preserved 
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pollen to assess how a small eastern Kentucky wetland has evolved over 
recent time. 
3.2. Literature Review 
3.2.1. Palynology 
The results of paleoecological records allows evaluation of the past 
biotic changes, explains species diversity, and discovers how plant 
communities respond to perturbation such as human interference 
(Schoonmaker and Foster 1991). Most preserved pollen is derived from 
upland plants not within the site of deposition, and were transported by wind, 
water and to a lesser extent birds (Tshudy and Scott 1969). The distance 
that pollen grains are transported will vary, for example, Pinus pollen has a 
greater long-distance transport than deciduous trees (Faegri and Iversen 
1989). Representation of the various pollen may be altered by differential 
preservation, for example, oxidation (Tshudy and Scott 1969). 
Winkler (1988) investigated the changes occurring in bogs through 
analysis of the pollen, spores, and sediments. She found that changes could 
be considered hydrarch succession; however, the timing of the changes 
show that the wetlands changed abruptly in response to hydrologic 
conditions. Haukos and Smith's (1994) seed bank study on playa wetlands 
found that the vegetation varied, depending on the hydrological conditions. 
Seed banks were also affected by increased sedimentation rates, which 
decreased the number of individuals in 111ost species, with the larger-seeded 
species being the least affected (Jurik et al. 1994). Orson et al. (1992) used 
sediment cores to evaluate the effect of the groundwater table and human 
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disturbances on the plant community of the Upper Delaware River Estuary. 
Changes in the pollen composition were coordinated with known settlement 
dates and sea level increases. 
Sediment cores can· also be used to determine the sediment 
accumulation rate, using 210pb and 137cs (Orson et al. 1992; Huntley et ~I. 
1995). Cesium-137 measurements were used to determine the 1954 depth 
and derive 137 Cs-based sediment accumulation rates (Huntley et al. 1995). 
They found .that the hydrologically dynamic part of the river had a much lower 
sedimentation rate (0.41 cm yr·1 and 0.66 cm yr-1) compared to the 
downstream meandering sites (6.8 cm yr-1 and 6.6 cm yr-1). 
3.3. Site Description 
3.3.1. Features of the Control Site 
The control site, described in Chapter I and II, has remained relatively 
untouched. The wetland is situated next to the Fish Hatchery, a farming and 
residential development buffer. The Bath County Bayou (nearby) was 
preferred because a plant inventory had been conducted at this site 
previously; however, the landowner would not give permission to enter on 
site. 
The oxbow does not have the characteristic U-shape of an oxbow; 
instead, it is rectangular. The wetland edges are very mucky and the water 
gradually becomes deeper until it reaches a maximum depth of about 1.3 m 
at the center. 
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3.3.2. Climate 
Summers are frequently hot and humid with a annual mean 
temperature of 55°-60°F (12. 7°C - 15.6°C) . The annual precipitation is 
111.8-121.9 cm and the average annual snowfall is 38.1 cm. The frost free 
period is 170-175 days. The first fall freeze typically occurs between October 
11-16 and the final spring freeze in April, usually between the 24-27 (USFS 
et al. 1992). 
3.3.3. History of Land Use near Control Site 
The first recorded mention of Rowan County was in 1773 by a group 
of surveyors from Pennsylvania. Farmers, established around the 
Revolutionary War (approximately 1776), was the first known settlement in 
Rowan County. 
Jedidiah Cogswell settled in the Scott Creek Area, approximately 5 
miles upstream from the present fish hatchery, in 1790. An 1820 Fleming 
County Circuit Court case involved a property dispute along the Licking 
River, essentially on the Cogswell farm. The court case is significant 
because it lists property improvements on his farm. The case stated there 
were 17 ha of cleared land and 70.8 ha of uncleared land. An orchard 
planted in 11 cherry trees, 64 peach trees, and 79 apple trees was also 
recorded. Several small saw mills and grist mills had been in operation the 
last 60 years in the community before it was moved, for Cave Run Lake 
constructed, prior to the 1960's. Corn was the most common crop in the area 
and production of corn whiskey was common in the community until the 
1950's (Bodkin 1991). 
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An amateur botanist, Clarendon Peck, actively collected specimens 
along the Licking River near Farmers, Kentucky. In October, 1834 he made 
mention of Elliots Tavern and the plants Phlox, Pogonia & Droserra, 
Magnolia, and Viola palmate (USFS et al. 1992). 
The arrival of the Elizabethtown, Lexington & Big Sandy railroad in the 
1880s increased the exploitation of stone, coal, and timber from the county. 
Farmers was the largest community in Rowan County until the timber was 
depleted around 1900 (Hogan 1991). However, the timber industry 
continued and the Clearfield Lumber Company was founded in 1907 (Women 
League of Voters 1982). !twas also noted by the Women League of Voters 
(1982) that 1930 was the year of the drought. 
3.4. Methods 
3.4.1. Pollen Core Collection and Analysis 
The core was extracted using a modified Livingstone piston 
sampler (Livingstone 1955; Colinvaux 1964). A location in the center of the 
wetland was chosen and the core pistons were taken to the lab, and the 
sediment was removed and divided into sections. The first 10 cm were 
divided into 1 cm sectior:is; the next 20 cm were divided into 2 cm sections 
and the remaining sections were divided into 5 cm sections. The sections 
were placed in plastic baggies, labled, sealed and stored in a refrigerator at 
4°C. Indicators of deforestation (Sear 1938) were noted. Core dating was 
done using 14c and was performed by Beta Analytic Inc. (Coral Gables, 
Florida). 
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Pollen was extracted from the subsamples of 0.5 cm-3 of sediment 
using the method outlined by Hadden (1989). The sediments were treated 
with HCL to remove carbonates and hydrofluoric acid (HF) to dissolve 
silicates. The samples Were treated with H2so-4 (CH3CO)2O mixture to 
destroy recalcitrant organic materials such as cellulose (Faegri and Iversen 
1989). Pollen was extracted with tert-Butanol. Pollen concentration was 
determined by adding a known volume of Lycopodium (batch number 
710961) to each sample (Stockmarr 1971). 
100 pollen grains per sample were examined because of low pollen 
concentrations and poor recovery. A light microscope at-400-630X was 
used to identify pollen. Hydrophyte pollen (Nuphar , Typha, and 
Sphagnum) and Lycopodium were not included in the pollen sum. 
Cyperaceae was included with other herbaceous taxa. Major keys used for 
pollen identification were Brown (1949); Wodehouse (1959); Erdtman (1966) 
and Faegri and Iversen (1989). 
The pollen grain counts were entered onto a spread sheet. Pollen 
taxa counted at 5 or more times at a given depth are included in the 
diagrams. Pollen with lower concentration are in Appendix G. 
3.4.2. Sediment Nutrient Core Anlysis 
One cc Samples were taken for chemical analysis from each section of 
the sediment core. An aqua regia/HF mixture was used to release metals in 
Teflon bomb (Burnas 1967). Total phosphorus (TP), total iron (Fe), and total 
sulfate (TS) concentrations were determined spectrophotometrically from 
dilutions using Accuvac ampules (Hach Chemical Co. 1996). Percent 
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organic matter (OM) was determined by the loss on ignition of oven-dried 1 
cc sample at 550°C (Dean 1974). Statistical analyses utilized the software 
Statview 4.0 for PowerMacintosh. A significance-level of 0.10 was chosen for 
all analyses. 
3.5. Results 
3.5.1. Sediment Core Dating 
The core yielded 73 cm of sediment. The lowest part of the sediment 
core was carbon dated at 1 ;840±60 BP; therefore, the bottom of the core was 
deposited around 65-350 AD. The carbon was taken from organic matter in 
the sediment. 
3.5.2. Physical Properties of Sediment Core 
No sediment layers were evident in the core. The sediment was 
compact, except for the top 16 cm, and greyish in color. No oxidized iron 
deposits were observed. Percent OM varied from 5.67% to 28%. The top 12 
cm were all above 10% OM. The bottom 28 cm of the core was distinctly 
lower, ranging from 5.67% to 7.33% OM and averaging 6%. The amount of 
OM tends to increase as the wetland ages. 
3.5.3. Chemical Stratigraphy 
OM did not significantly correlate with TP (r=0.316), Fe (r=0.079) or TS 
(r=0.272). TP did not significantly correlatE! with Fe (r=0.012) or TS 
(r=0,055). Figure 6 illustrates the changes in OM, TP, Fe, and TS with 
decreasing .depth. 
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Figure 6. Percent Organic Matter and Concentration of Nutrients (TP, Fe, TS). 
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3.5.4. Pollen Stratigraphy 
A total of 28 taxa were identified from the sediment core. Of the 28 
taxa, only 6 taxa were found at every depth (Pinus, Acer, Jug/ans, Poaceae, 
Ambrosia, and Nuphar). No taxa were counted for depth 2, 3, 4, 5, 6, and 7, 
because no pollen was present in the sample. Poaceae was the most 
common pollen taxa counted, with 371 grains. Quercus was the most 
common tree taxa counted (271 grains). The sediment was dominated by 
tree pollen; however, tree pollen decreased from about 81%, at 70 cm, to 
53% of the total pollen (Figure 7), in present times. It is important to note 
that many of the pollen taxa that were not represented evenly could be a 
result of the low pollen concentration. 
The pollen percentage diagrams show a few general trends in the 
surrounding ecosystem. First, the tree taxa show a transition from a Quercus 
dominated forest to an Acer, Pinus, and Carya dominated forest (Figure 8). 
This trend has been noticed throughout Kentucky (Stringer and Powell 1982). 
The lack of Fraxinus was unexpected because the control wetland is 
surrounded by bottomland hardwood forest. Ambrosia increased in the upper 
sediments; however, it lacks the expected_ dramatic increase (Figure 9). The 
presence of Nuphar throughout the entire core indicates that the wetland has 
remained hydric (Figure 10). However, the presence of Sphagnum indicated 
that there were two drier periods. 
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Figure 7. Groups of Pollen Taxa and Depth. 
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Figure 9. Pollen Percentage Diagrams of the Main Other Herbaceous Taxa 
of the Sediment Core. 
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Figure 1 O. Pollen Percentage Diagrams of the Hydrophyte Taxa of the 
Sediment Core. 
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3.6. Discussion 
3.6.1. Physical Properties and Chemical Stratigraphy 
Percent OM increased noticablely in the top 16 cm of the core. This is 
because anaerobic conditions presently exist. The slower decay rates might 
also be a result of the damming of the Licking River, reducing flooding and 
scouring. A slight increase in Fe, at 15 cm, is probably Fe migration through 
the soil column to the oxidized zone. Because nutrient levels in a riparian 
system are related more to nutrients flux than to soil stock, the peaks in TP at 
26, 40, and 60 cm are probably an indication of flooding. An increase in OM 
at 26 and 40 would then be the result of debris deposited._ 
3.6.1. Pollen. Stratigraphy 
The core provides a better indication of the conditions of the 
surrounding forest than it does the wetland itself. There are two distinct 
pollen zones. About 1800 YBP the forest surrounding the wetland was 
dominated by Quercus, Betula, and Jug/ans - which combined made up over 
half of the pollen present. Also found in quantity were Fagus and Carya with 
small amounts Acer, Pinus, Magnolia, and Platanus (probably Sycamore or 
Button Bush). 
The dramatic drop in Quercus, at 40-45 cm, would indicate 
deforestation. The drop in Quercus is also marked by an increase in 
Ambrosia, other Asteraceae, and Poaceae. An increase in shade tolerant 
tree species such as Acer and Betula begin to establish and dominate, 
followed by Acer and Jug/ans. Therefore, 40 cm can be dated around 1880. 
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This would suggestthat recent sedimentation rates are much faster 
than pre-settlement, which is not unusual (Reeder and Eisner 1994). It would 
appear that between 40 and 73 cm the wetland and the surrounding 
ecosystem remained relatively stable with little sedimentation (0.02 cm/yr). 
Deforestation may have increased sedimentation (2.6 cm/yr). However, 
recent trends so that sedimentation is decreasing (0.46 cm/yr), since 1970's. 
However1 it is possible that our core has been scoured, and does not 
represent a continuous record. However, sedimentary characteristics do not 
show any obvious signs of loss of sediment; 
The local history around and within the wetland is not well elucidated 
. . 
by the pollen stratigraphy for the last 1840 years. Nuphar appears to have 
remained the dominant macrophyte of the c;ontrol site, becasue the soil and 
local pollen indicate hydric conditions over time. This would suggest that the 
water was not moving at a rapid rate at any time, and that the wetland has 
remained relatively deep. Orson and Howes (1992) also found that once 
vegetation establishes, it can persist for 1 00's to 1,000's of years. 
The Typha pollen, which show a random pattern, were probably 
transported to the control site by waterfowl or long distance aerial transport, 
since Typha is not presently located at the control site. If Typha had 
coincided with the presence of Sphagnum, we could have concluded that 
they came in with the lower water levels. During periods with dryer summers, 
it would be probable for Cyperaceae to outcome Typha. Only 1 species of 
Cyperaceae is presently located at the control site; however, the percentage 
diagram (Figure 9) suggest that Cyperaceae were more common. 
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Sphagum increase at about 45 cm does suggest that lower water 
levels -- possibly caused by increase sedimentation, or drainage due to 
greater water-level fluctuations in the river coinciding with deforestation. In 
this region both Typha dominated wetlands and Sphagnum dominated 
wetlands tend to be more isolated. Spagnum bogs tend to be dryer during 
the Summer months that Typha marshes. Figure 11 illustrates a possible 
time line of events. 
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Figure 11. Time Line of Events for the Area Surrounding the Control Site. 
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CHAPTER IV 
Conclusion and Recommendations 
The USFS appears to have been successful in accomplishing its goals 
of the Wild Wings Project -- to encourage the establishment wetland habitat. 
The constructed wetlands are mostly dominated by waterfowl and plants 
normally found in wetland habitats. However, none of them have a similar 
biodiversity as the control site. The sediment core shows that natural 
wetlands can remain permanent structures in the Cave Run Lake watershed, 
despite deforestation and river damming. The constructed wetlands do not 
appear to have the same sort of sustainabilty without human intervention. 
A challenge of future constructed wetland projects should be to 
maintain wetlands function and success. This goes beyond simple goals--
for example, attract breeding populations of waterfowl. Simple goals can be 
obtained with human engineering, but they are only sustainable with large 
inputs of energy (e.g., bulldozers, platform construction and maintenance, 
water-level manipulation). It would be beneficial to create self-designed 
wetlands that did not require human inputs, but still obtained many of the 
same goals. One way to insure this would be to build wetlands on soils that 
were flooded or saturated in the past. This can be accomplished by 
evaluating soil maps and performing soil testing. Soils that have been 
previously flooded provide a viable seed bank, and can increase chances of 
success. 
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This study also found that the characteristics of an individual wetland 
are not as important as their position in the surroundings landscape. 
Because the constructed sites provided a variety of wetland habitats near 
each other, as well as adjacent fields and deeper water habitats, the birds 
and waterfowl could always find a place to establish. 
It is still early in the development of these wetlands and would be 
beneficial to wetland managers if monitoring continued. It would be 
interesting to note species succession and to see if the younger wetlands 
develop the same plant richness as those on the older constructed site. 
Likewise, it would also be interesting to see if the constructed wetlands 
decrease in plant richness at some point in their development -- to reflect the 
species richness at the control site. 
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APPENDIXB 
AVIFAUNA OBSERVATIONS BY WETLAND SITE 
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Wetland 1 
Common Name Avifauna A M J J A s 0 N D Abundance 
Ciconiiformes 
Great Blue Heron Ardea herodias 3 1 2 6 
Green-backed Heron Butorides stria/us 1 3 4 5 13 
American Bittern Botaurus /en/iginosus 7 7 
Anseriformes 
Canada Goose Bran/a canadensis 11 11 
Wood Duck Aix sponsa 6 6 
American Black Duck Anas rubripes 4 5 9 
Mallard Anas platyrhynchos 2 6 8 
Hooded Merganser Lophodytes cucullatus 3 3 
Falconiformes 
American Kestrel Falco spaNerius 1 1 
Galliformes 
Wild Turkey Melegris gallopavo 10 3 4 2 36 55 
Charadriiformes 
Killdeer Charadrius vociferus 7 3 5 15 
Coraciiformes 
Belted Kingfisher Megacery/e a/cyon 1 1 
Piciformes 
Pil eated Wood pecker Dryocopus pi/ea/us 1 1 3 5 
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Wetland 1 (cont.) 
Common Name Avifauna A M J J A s 0 N D Abundance 
Hirundinidae 
Bank Swallow Riparia riparia 3 
Corvidae 
Blue Jay Cyanocitta eris/at 1 1 
American Crow Corvus brachyrhynchos 1 3 1 3 5 13 
Muscicapidae 
American Robin T urdus migratorius 3 3 
Emberizidae 
Parulinae 
Common Yellowthoart Geothlypis trichas 2 2 4 
Emberizinae 
American Tree Sparrow Spizel/a arborea 9 9 
Savannah Sparrow Passercu/us sandwichensis 5 5 
Swamp Sparrow Melospiza georgiana 2 2 
White-crowned Sparrow Zonotrichia Jeucophrys 1 7 8 
lcterinae 
Red-v.inged Blackbird Age/aius phoeniceus 6 7 3 16 
Total Birds Observed Per Month 41 1 41 24 18 10 46 17 22 220 
Total Number of Species Per Month 8 1 10 8 6 4 4 3 6 26 
Total Number of Obligate Birds Per Month 17 0 20 10 3 1 5 5 21 82 
Total Number of Obligate Species Per Month 3 0 5 2 1 1 2 1 5 11 
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Wetland 13 
Common Name Avifauna A M J J A s 0 N D Abundance 
Anseriformes 
Canada Goose Branta canadensis 15 15 
Mallard Anas p/atyrhynchos 1 6 4 3 14 
Ring-necked Duck Aythya col/aris 1 1 
Hirundinidae 
Tree Swallow /ridoprocne bico/or 3 3 
Muscicapidae 
American Robin Turdus migratorius 3 3 
Bombycillidae 
Cedar Wa>Ming Bombtcil/a garrulus 5 5 
Emberizidae 
Parulinae 
Common Yellowthroat Geoth/ypis trichas 1 1 
Emberizinae 
American Tree Sparrow Spizella arborea 2 2 
Jccterinae 
Red-v..;nged Blackbird Age/aius phoeniceus 2 ·1 6 1 2 1 13 
Total Birds Observed Per Month 4 13 12 24 0 1 2 1 0 57 
Total Number of Species Per Month 2 4 5 3 0 1 1 1 0 10 
Total Number of Obligate Birds Per Month 1 8 6 24 0 1 2 1 0 43 
Total Number of Obligate Species Per Month 1 2 3 3 0 1 1 1 0 4 
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Wetland 18 
Common Name Avifauna A M J J A s 0 N D Abundance 
Ciconiiformes 
Great Blue Heron Ardea herodias 3 2 2 1 1 9 
Green-backed Heron Butorides stria/us 1 1 1 2 5 
Great Egret Casmerodius a/bus 1 3 4 
Anseriformes 
Canada Goose Bran/a canadensis 2 13 38 1 2 56 
American Black Duck Anas rubripes 2 2 
Mallard Anas platyrhynchos 1 7 8 
Blue-v..inged Teal Anas discors 5 5 
Common Goldeneye Bucephala c/angu/a 3 3 
Falconiformes 
Nothem Harrier Circus cyaneus 1 1 
Charadriiformes 
American Woodcock Philohe/a minor 2 2 
Columbiformes 
Mourning Dove Zenaida macroura 3 3 
Coraciiformes 
Belted Kingfisher Megacery/e a/cyon 2 1 1 4 1 2 11 
Piciformes 
Dowiy Woodpecker Picoides pubescens 1 1 
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Wetland 18 (cont.) 
Common Name Avifauna A M J J A s 0 N D Abundance 
Hirundinidae 
Barn Swallow Hirundo ruslica 5 5 
Bank Swallow Riparia riparia 2 2 
Muscicapidae 
American Robin Turdus migratorius 2 2 
Cardinalinae 
Northern Cardinal Cardinalis cardinalis 1 1 
Emberizidae 
Parulinae 
Common Yellowthroat Geothlypis trichas 2 3 1 6 
Emberizinae 
AmericanTree Sparrow Spize/la arborea 3 3 
Chipping Sparrow Spizella passerina 2 2 
Savannah Sparrow Passercu/us sandwichensis 3 3 
Swamp Sparrow Me/ospiza georgiana 4 3 7 
White-crow,ed Sparrow Zonotrichia /eucophrys 3 3 
lccterinae 
Red-V-1nged Blackbird Age/aius phoeniceus 1 2 5 1 9 
Total Birds Observed Per Month 23 20 9 56 4 6 21 10 4 153 
Total Number of Species Per Month 11 4 5 6 4 2 9 5 2 25 
Total Number of Obligate Birds Per Month 12 17 7 43 2 6 18 10 4 119 
Total Number of Obligate Species Per Month 6 3 4 2 2 2 7 5 2 12 
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Wetland 21 
Common Name Avifauna A M J J A s 0 N D Abundance 
Ciconiiformes 
Green-backed Heron Butorides striatus 5 5 
Anseriformes 
Canada Goose Branta· canadensis 3 3 
Wood Duck Aixsponsa 2 2 
American Black Duck Anas rubripes 9 9 
Mallard Anas platyrhynchos 6 6 2 3 1 18 
Blue-Winged Teal Anas discors 3 3 
Hooded Merganser Lophodytes cucul/atus 6 6 
Piciformes 
Downy Woodpecker Picoides pubescens 1 1 
Hirundinidae 
Tree Swallow lridoprocne bico/or 2 2 
Corvidae 
American Crow Corvus brachyrhynchos 1 3 4 
Cardinalinae 
Northern Cardinal Cardinalis cardina/is 1 1 3 2 5 2 5 3 22 
Indigo Bunting Passerina cyanea 1 1 2 
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Wetland 21 (cont.) 
Common Name Avifauna A M J J A s 0 N D Abundance 
Emberizidae 
Emberizinae 
Rufous-sided Towhee Pipilo erthrophalmus 3 3 
American Tree Sparrow Spizel/a arborea 3 3 6 
Chipping Sparrow Spizel/a passerina 1 1 2 
Song Sparrow Me/ospiza me/odia 3 2 5 
Swamp Sparrow Me/ospiza georgiana 12 1 1 5 19 
White-crowned Sparrow Zonotrichia Jeucophrys 2 2 
Sparrow Zonotrichia sp. 3 3 
lccterinae 
Red-winged Blackbird Agelaius phoeniceus 2 4 7 4 3 20 
Fringillidae 
American Goldfinch Cardinalis Iris/is 6 1 7 
Passeridae 
House Sparrow Passer domesticus 4 4 
Total Birds Observed Per Month 43 16 11 20 9 6 18 14 11 148 
Total Number of Species Per Month 9 4 6 4 4 2 10 4 3 22 
Total Number of Obligate Birds Per Month 32 13 5 13 2 0 7 6 8 86 
Total Number of Obligate Species Per Month 5 3 2 2 1 0 3 2 2 9 
84 
Wetland 29 
Common Name Avifauna A M J J A s 0 N D Abundance 
Anseriformes 
Canada Geese Branta canadensis 1 3 4 
Wood Duck Aixsponsa 2 2 
American Black Duck Anas rubripes 2 7 3 1 13 
Mallard Anas platyrhynchos 4 7 1 2 14 
Hooded Merganser Lophodytes cucul/atus 1 1 
Falconiformes 
Sharp-shinned Hawk Accipiter striatus 1 1 
Red-tailed Hawk Buteo jamaicensis 1 1 
Columbiformes 
Mourning Dove Zenaida macroura 5 1 6 
Coraciiformes 
Belted Kingfisher Megacery/e a/cyon 1 1 2 
Piciformes 
Downy Woodpecker Picoides pubescens 1 2 2 5 
Pileated Woodpecker Dryocopus pi/eatus 1 3 1 2 7 
Hirundinidae 
Tree Swallow lridoprocne bico/or 3 4 7 
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Wetland 29 (cont.) 
Common Name Avifauna A M J J A s 0 N D Abundance 
Corvidae 
American Crow Corvus brachyrhynchos 2 2 4 
Cardinalinae 
Northern Cardinal Cardinalis cardinalis 3 3 
Emberizidae 
Emberizinae 
Rufous-sided Towhee Pipilo erthrophthalmus 1 1 2 
Chipping Sparrow Spizel/a passerina 5 5 
Dark-eyed Junco Junco hyemalis 3 3 
Fringillidae 
American Goldfinch Cardinalis tristis 5 2 7 
Total Birds Observed Per Month 14 23 7 8 9 12 5 6 3 87 
Total Number of Species Per Month 7 6 5 3 3 4 3 3 2 19 
Total Number of Obligate Birds Per Month 8 7 5 1 0 7 4 0 3 35 
Total Number of Obligate Species Per Month 4 1 3 1 0 1 2 0 2 6 
86 
Control wetland 
Common Name Avifauna A M J J A s 0 N D Abundance 
Ciconiiformes 
Great Blue Heron Ardea herodias 4 1 3 1 9 
Green-backed Heron Butorides striatus 5 3 1 1 10 
Great Egret Casmerodius a/bus 13 13 
Anseriformes 
Canada Goose Branta canadensis 5 13 18 
American Black Duck Anas rubripes 2 1 3 
Mallard Anas platyrhynchos 1 2 3 3· 4" 13 
Ring-necked Duck A ythya col/aris 4 3 4 4 15 
Common Goldeneye Bucephala c/angu/a 1 1 
Bufflehead Bucephala a/beo/a 7 3 10 
Falconiformes 
Sharp-shinned Hawk Accipiter striatus 1 1 
Coraciiformes 
Belted Kingfisher Megacery/e a/cyon 1 2 2 2 7 
Corvidae 
American Crow Corvus brachyrhynchos 1 1 2 
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'{ 
Control wetland (cont.) 
Common Name Avifauna A M J J A s 0 N D Abundance 
Paridae 
Carolina Chickadee Parus caro/inensis 7 2 9 
Muscicapidae 
American Robin Turdus migratorius 1 1 
Cardinalinae 
Northern Cardinal Cardinalis cardina/is 1 1 
Indigo Bunting Passerina cyanea 3 3 
Emberizidae 
Parulinae 
Common Yellowthroat Geothlypis trichas 1 1 
Emberizinae 
Swamp Sparrow Me/ospiza georgiana 1 1 
Total Birds Observed Per month 25 9 7 10 8 5 9 20 25 118 
Total Number of Species Per Month 6 3 1 4 4 3 3 8 7 19 
Total Number of Obligate Birds Per Month 21 9 0 8 6 5 9 17 25 100 
Total Number of Obligate Species Per Month 4 3 0 3 2 3 3 5 7 11 
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APPENDIXC 
PLANT COLLECTION DATA 
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Common Name Plant Flora and Collection Number Category Month Collected Site 
Pteridophytes 
Dryopteridaceae 
Marginal Shield Fem Dryopteris margina/is 63 FACU Sept 1 
Sensitive Fem Onoc/ea sensibi/is 5 FACW May, June 21, 18, 1, control 
Christmas Fem Polystichum acrostichoides 61 FAC Sept 1 
Monocotyledons 
Alismataceae 
Common Water Plantain Alisma subcordatum 102 OBL Sept 29, 21, 18, 13, 1 
Long-Beaked Arrov.!lead Sagittaria austra/is 93 OBL Aug 18 
Wapato Sagittaria /atifolia 101 OBL Aug 29, 21, 1 
Araceae 
Sweet Flag Acorus ca/amus 8 OBL May 1 
Cyperaceae 
Carex frankii 17 OBL June, July, Aug 21, 18, 13, 1, control 
Carex lupulina 19 OBL June, July 29, 18, 1 
carex lurida OBL June, July 29, 18, 13, 1 
15 
Carex projecta 78 FACW July, Aug 18, 1 
90 
Common Name Plant Flora and Collection Number Category Month Collected She 
Carex squarrosa 22 FACW June 18, 1 
Carex trlbuloldes 29 OBL June 21 
Foxtail sedge Carex vulplnoldea 13 OBL May, June, July 29,21, 18, 13, 1 
Cyperus erythrorh/zos 53 FACW Sept 1 
Gallngale Cyperus strigosus 58 FACW Sept 18, 13, 1 
E/eocharls acicularls 1 OBL May, June 29,21, 18, 13 
Eleocharis obtusa 21 OBL June, July 29,21, 18, 13, 1 
Sclrpus atrovlrens 12 OBL June 29,21, 18, 13 
Woolgrass Sclrpus cyper/nus 84 OBL Sept 21, 1 
Sc/rpus /ineatus 16 OBL June, July 21, 18 
Scirpus polyphyllus 118 OBL Sept 18, 13 
aubRush Scirpus purshianus 77 FACW July 21 
HydrocharHaceae 
Eelgrass Va/lisner/a amerlcana 26 OBL June 18 
lrldaceae 
Slsyrinchium angustifol/um 7 FACU May 18, 13 
Juncaceae 
Juncus acumlnatus 3 OBL May, June 18, 13, 1 
Common Rush Juncus effusus 4 FACW May 18, 13 
91 
Common Name Plant Flora and Collectlon Number Category Month Collected SHe 
Juncus marginatus 23 FACW June 29, 21, 18, 13, 1 
Najadaceae 
Na/as minor 23 OBL June 21 
Nymphaeaceae 
Watershleld Brasenia schreberi 9 OBL May 1 
Cowflly Nuphar advena 6 OBL May control 
Orchldaceae 
Noodlng Ladles' Tr,11sses Spiranthes cernua 54 FACW Sept 18 
Poaceae 
Redtop Agrostls alba 88 OBL July,Aug 29, 21, 18, 1, control 
Barnyard Grass Ech/noch/oa crusgal/1 101 FACW Sept 1B, 13, 1 
Rice Cutgrass Leers/a oryzo/des 112 OBL Sept 21, 1B, 13, 1 
Tall Flat Panic Grass Panicum stipitatum 115 FACW June 13,1 
Reed Canary Grass Phalarls arund/nacea 14 FACW June 29, 21, 1B, 13, 1 
Timothy Ph/eum pratense 116 FACU Sept 13 
Seteria faberil 54 FACU Sept 
Setarla genlcu/ata 62 FAC Sept 1 
Uniola latifolla 45 FACW June control 
92 
Common Name Plant Flora and Collection Number Category Month Collected Site 
Com Zea mays 106 FACU Sept 1 
Potamogetonaceae 
Variable Pondweed Potamogeton diversifolius 31 OBL June 18, 1 
Small Pondweed Potamogeton pusil/us 2 OBL May 21 
Typhaceae 
Common Cattail Typha latifo/ia 18 OBL June 21, 18, 13, 1 
Dicotyledons 
Apiaceae 
Spotted Waterflemlock Cicuta maculata 28 OBL June 21, 18 
Asclepiadaceae 
Swamp Milkweed Asc/epias incamata 83 OBL June 18 
Asteraceae 
Tickseed Sunflower Bidens aristosa 106 FACW Sept 29 
Mistflower Eupatorium coe/estinum 94 FACW June, Aug 21, 18,1 
Common Joe-Pye Weed Eupatorium fistulosum 98 FAC Aug 29, 21, 13, 1 
Boneset Eupatorium perfoliatum 91 FACW June 1 
Late-Flowering Thoroughv,ort Eupatorium serotinum 100 FAC Sept 29, control 
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Common Name Plant Flora and Collectlon Number Category Month Collected Site 
Yellow Sneezeweed Helen/um autumnale 95 FACW Sept 18 
Purple Sneezweed Halen/um flexuosum 60 FAC Aug 18 
Jerusalem-Artichoke Hellanthus tuberosus 103 FACU Sept control 
Grass-leaved Goldenrod Solldago gramlnlfolla 92 FAC Aug 18, 1 
Early Goldenrod Solldago Juncea 45 DRAW Sept 29, 13, 1 
Wrinkled-leaf Goldenrod Solldago rugosa 93 FAC Aug 21, 18 
Balsamlnaceae 
Jewelweed Impatiens pa/Iida 97 FACW July,Aug 29, 13, control 
Campanulaceae 
Cardinal-Flower Lobel/a card/nails 60 FACW Sept 29,21, 18, 13, 1 
Big Blue Labella Lobel/a slphl/ltlca 55 FACW Sept 18, 1 
Fabaceae 
Groundnut Ap/os amer/cana 56 FACW Sept 21, control 
Wild Kidney Bean Phasea/us palystachlos 57 FACU Sept 18 
Lamlaceae 
Motherwort Leonurus cardiaca 119 FAC Sept 29 
94 
Common Name Plant Flora and Collectlon Number Category Month Collected Site 
Water Horehound Lycapus amerlcanus 109 FACW Sept 18, control 
Bugleweed Lycapus vlrglnlcus 108 OBL Sept 29 
Peppermint Mentha piper/ta 96 FACW Aug 21, 18 
Spearment Mentha sp/cata FACW Sept 29 
107 
European Selfheal Prune/la vulgaris 112 FACU Sept 29, 1 
Smooth Hedge Nettle Stachys tenuifolia 88 FACW July 18, 13, control 
Lemnaceae 
Lesser Duckweed Lemnaminor 76 OBL Aug control 
Big Duckweed Spirode/a po/yrhiza -75 OBL Aug control 
Onagraceae 
Marsh Purslane Ludwig/a palustrls 32 OBL June, July 29,21, 18, 13, 1 
Oxalldaceae 
Slender Yellow Wood Sorrel Oxa/ls fllipes 85 FACW June 29, 21, 1, control 
Polygonaceae 
Water Smartweed Polygon.um coccineum 110 FACW Sept 1, control 
95 
Common Name Plant Flora and Collection Number Category Month Collected Sita 
Dock-leaved Smartweed Po/ygonum lapathifollum 111 FAON Sept 1 
Curly Dock Rumex crispus FAC June 29, 13, 1 
28 
Primulaceae 
Moneywort Lysimachia nummularia 11 FACW May 29, 21, 18, 13, 1, 
control 
Rosaceae 
Small FIOY1ered Agrlmony Agrimonla parviflora 88 FAG July 29, 21, 18, control 
Rublaceae 
Buttonbush Cephalanthus occ/denta/is 31 OBL June control 
Stiff Marsh Bedstraw Galium obtusum 25 FACW June, July 29, 18, 1 
Scrophularlaceae 
Common Monkey-Flower Mimulus ringens 82 FACW June, July 18, control 
Foxglove Beardtongue Penstemon digitalis 20 FAC June 29, 21, 18, 13, 
control 
Solanaceae 
· Horse-Nettle Solanum carollnense 117 FACU Sept 29, 13 
96 
Common Name Plant Flora and Collection Number Category Month Collected Site 
Urtlcaceae 
False Nettle Boehmer/a cy/lndrlca 113 FACW Sept 29, 13, 1, control 
Verbenaceae 
Blue Vervaln Verbena hastata 86 FACW June 21, 18, 13 
Violaceae 
Marsh Blue Violet Viola cucullata 10 FACW May 18 
Vitaceae 
Winter Grape Vitls vulplna 100 FAC Aug 1 
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APPENDIXD 
SOIL ANALYSIS 
98 
I Nutrients in ua/ka 
Wetland Samele Number 1 p 
' 
K Ca Mg : Zn 
l 51 I 0.0301 1.0551 5.820 1.0051 0.020 
l 521 0.0201 1.055 8.665 1.0151 0.022 
l 531 0.0401 l.100 8.905 1.0501 0.020 
1 54 0.0401 0.585 6.865 0.5651 1.850 
1 mean 0.033 0.949 7.564 0.9091 0.478 
' 
' 13 41 0.035 0.790 6.750 0.4951 0.024 
13 42 0.0401 0.710 9.810 0.5101 0.021 
13 43 0.0351 0.905 8.4201 0.5901 0.028 
13 441 0.0351 0.895 6.860 0.5151 0.029 
13mean 0.0361 0.825 7.960 0.5281 0.026 
18 31 0.070 0.850 8.335 1.010 0.015 
18 32 0.0401 0.960 8.925 4.1401 0.019 
18 33 0.035 0.870 5.125 0.8951 0.012 
18 34 0.035 0.830 8.005 1.0351 0.013 
18 mean 0.070 1.044 9.908 1.3151 0.027 
I 
' 21 211 0.0301 0.775 6.5951 1.2701 0.026 
21 221 0.0401 0.101 5.975 1.1301 0.026 
21 231 0.025 0.995 5.475 0.9001 0.023 
2lmean I 0.0321 0.624 6.015 1.1001 0.025 
' 
29 11 0.135 1.355 12.095 1.5301 0.035 
29 12 0.055 0.975 10.145 1.2751 0.025 
29 13 0.070 0.930 9.870 1.2451 0.024 
29 14 0.050 1.250 10.635 1.3801 0.025 
29 mean 0.0781 l.128 10.686 1.3581 0.027 
I 
control 61 0.025 0.700 10.225 0.810 0.091 
control 62 0.030 0.600 8.530 0.730 0.086 
control 63 0.030 0.670 8.290 0.755 0.091 
control 64 0.055 0.465 8.830 0.6851 0.076 
control mean 0.035 0.609 8.969 0.7451 0.086 
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APPENDIX E 
SEDIMENT CORE ORGANIC MATTER AND BULK DENSITY DATA 
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Depth (cm) Crucible Wet %H2') Dry 550°C %OM BD (dry) g/cc 
1 10.3454 11.5291 30.30 10.7042 10.6206 23.00 0.359 
1 7.3136 8.8146 36.00 7.8542 7.7458 20.00 0.541 
1 7.2182 8.1941 40.30 7.6116 7.5511 15.00 0.393 
1 mean 8.2924 9.5126 35.53 8.7233 8.6392 19.33 0.431 
2 10.1n2 11.3123 39.70 10.6282 10.5672 14.00. 0.451 
2 6.9873 8.2270 31.90 7.3831 7.3063 19.00 0.396 
2 7.2921 8.5116 33.10 7.6952 7:6181 19.00 0.403 
2mean 8.1522 9.3503 34.90 8.5688 8.4972 17.33 0.417 
3 7.5301 8.9179 42.90 8.1252 8.0545 12.00 0.595 
3 7.1532 8.2627 30.20 7.4887 7.4352 16.00 0.336 
3 3.7508 5.0165 51.20 4.3990 4.3451 8.00 0.648 
3mean 6.1447 7.3990 41.43 6.6710 6.6116 12.00 0.526 
4 10.2345 11.5642 32.00 10.6596 10.5596 24.00 0.359 
4 7.2987 8.4860 31.20 7.6696 7.5803 24.00 0.541 
4 3.9912 5.2620 28.40 4.3517 4.2649 24.00 0.393 
4mean 7.1748 8.4374 30.53 7.5603 7.4683 24.00 0.431 
5 10.3697 11.9400 58.50 11.2890 11.2181 8.00 0.451 
5 7.0570 8.3600 40.90 7.5905 7.5071 16.00 0.393 
5 3.6025 5.0200 56.80 4.4076 4.3402 · 8.00 0.403 
5mean 7.0097 8.44 52.07 7.7624 7.6885 10.67 0.416 
6 7.1996 8.5019 43.30 7.7630 7.6982 12.00 0.595 
6 7.4295 8.8573 47.10 . 8.1013 8.0212 12.00 0.336 
6 4.0753 5.1611 44.90 <4.5626 4.5016 13.00 0.648 
6mean 6.2348 7.5068 45.10 6.8090 6.7403 12.33 0.526 
7 7.5813 8.9436 42.10 8.1551 8.0831 13.00 0.425 
7 4.0535 5.1520 38.50 4.4736 4.4130 15.00 0.371 
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Depth (cm) Crucible Wet %H20 Dry sso0 c %OM BD (dry) g/cc 
7 6.9337 8.2327 44.40 7.5102 7.4441 11.00 0.361 
7mean 6.1895 7.4428 41.67 6.7130 6.6467 13.00 0.386 
8 7.4915 8.6101 36.50 7.8995 7.8220 19.00 0.919 
8 4.0785 5.1611 35.10 4.4586 4.3838 20.00 0.535 
8 7.3856 8.3946 35.90 7.7478 7.6853 17.00 0.805 
8mean 6.3185 7.3886 35.83 6.7020 6.6304 18.67 0.753 
9 3.8476 5.1059 39.40 4.3438 4.2690 15.00 0.563 
9 4.2541 5.2007 35.60 4.5908 4.5343 17.00 0.672 
9 4.0364 5.2500 32.30 4.4283 4.3506 20.00 0.487 
9mean 4.0460 5.1855 35.n 4.4543 4.3846 17.33 0.574 
10 7.2296 8.3531 38.60 7.6637 7.6006 15.00 0.574 
10 7.3409 8.5113 41.70 7.8287 7.7580 14.00 0.423 
10 10.3884 11.3881 38.10 10.7692 10.7173 14.00 o.5n 
10 mean 8.3196 9.4175 39.47 8.7539 8.6920 14.33 - 0.525 
12 7.5291 8.7022 45.80 8.0660 8.0004 12.00 0.408 
12 7.3108 8.7550 49.20 8.0218 7.9502 10.00 0.380 
12 10.3415 11.4107 48.10 10.8557 10.8024 10.00 0.362 
12 mean 8.3938 9.6226 47.70 8.9812 8.91n 10.67 0.383 
14 7.1523 8.47n 57.60 7.9163 7.8580 8.00 0.496 
14 3.7546 5.0500 54.80 4.4692 4.4096 8.00 0.337 
14 6.9852 8.2447 60.10 7.7424 7.6865 7.00 0.392 
14mean 5.9640 7.2575 57.50 6.7093 6.6514 7.67 0.408 
16 10.1743 11.1566 54.60 10.7108 10.6573 10.00 0.434 
16 7.2156 8.3557 53.60 7.8266 7.7656 10.00 0.488 
16 7.2889 8.5924 59.90 8.0692 0.oon 8.00 0.381 
16 mean 8.2263 9.3682 56.03 8.8689 8.8102 9.33 0.434 
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Depth (cm) Crucible Wet %H20 Dry sso0c %OM BD (dry) g/cc 
18 4.0761 5.1256 55.40 4.6571 4.5353 21.00 0.537 
18 7.2012 8.3488 53.10 7.8101 7.7039 17.00 0.711 
18 10.2332 11.5884 56.30 10.9967 10.9098 11.00 0.514 
18 mean 7.1702 8.3543 54.93 7.8213 7.7163 16.33 0.587 
20 3.992B 5.1993 52.80 4.6303 4.5629 11.00 0.764 
20 7.0603 8.2222 53.30 7.6801 7.6129 11.00 0.715 
20 10.3695 11.5326 53.00 10.9860 10.9210 11.00 0.757 
20mean 7.1409 8.3180 53.03 7.7655 7.6989 11.00 0.745 
22 3.6054 5.0924 63.50 4.5499 4.4928 6.00 0.537 
22 7.2983 8.8059 64.00 8.2633 8.2025 6.00 0.611 
22 7.4293 8.9319 64.80 8.4031 8.3421 6.00 0.780 
22mean 6.1110 7.6101 64.10 7.0721 7.0125 6.00 0.643 
24 7.5798 8.6230 75.20 8.3640 8.2965 9.00 0.581 
24 4.0561 4.7986 20.90 4.2111 4.0999 72.00 0.609 
24 7.4870 8.9042 80.40 8.6268 8.5893 3.00 0.651 
24mean 6.3743 7.4419 58.83 7.0673 6.9952 28.00 0.614 
26 4.0776 5.3922 59.80 4.8639 4.8002 8.00 0.638 
26 3.8472 5.1897 58.50 4.6331 4.5609 9.00 0.620 
26 4.2548 5.6596 · 61.50 5.1183 5.0478 8.00 0.617 
26mean 4.0599 5.4138 59.93 4.8718 4.8030 8.33 0.625 
28 7.3834 8.7176 63.30 8.2273 8.1638 8.00 0.945 
28 6.9316 8.2155 64.00 · 7.7529 7.6938 7.00 0.965 
28 4.0357 5.2924 60.10 /1.7910 4.7291 8.00 0.974 
28mean 6.1169 7.4085 62.47 6.9237 6.8622 7.67 0.961 
30 7.3407 8.6901 60.90 8.1619 8.0972 8.00 0.784 
30 7.2294 8.5122 62.10 8.0262 7.9679 7.00 0.155 
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Depth (cm) Crucible Wet %H20 Dry 550°C %OM BO (dry) g/cc 
30 4.0357 5.2924 60.10 4.7910 4.7291 8.00 1.140 
30 mean 6.2019 7.4982 61.03 6.9930 6.9314 7.67 0.693 
35 6.9853 8.5652 55.00 7.8544 7.7692 10.00 0.786 
35 7.1528 8.4545 ' 59.40 7.9255 7.8661 8.00 0.786 
35 3.7553 5.2665 62.40 4.6983 4.6403 6.00 0.863 
35 mean 5.9645 7.4287 58.93 6.8261 6.7585 8.00 0.812 
40 10.1763 11.4960 49.40 10.8285 10.7494 12.00 0.844 
40 4.0769 5.2990 34.30 4.4962 4.3704 30.00 0.821 
40 7.2174 8.8618 42.60 7.9181 7.8030 16.00 0.755 
40mean 7.1569 8.5523 42.10 7.7476 7.6409 19.33 0.807 
45 10.2356 11.5719 67.20 11.1335 11.0769 6.00 0.821 
45 7.2043 8.4195 67.20 8.0210 7.9712 6.00 0.797 
45 7.2910 8.6762 66.70 8.2145 8.1586 6.00 0.755 
45mean 8.2436 9.5559 67.03 9.1230 9.0689 6.00 0.791 
50 10.3448 12.0164 66.80 11.4622 11.3836 7.00 0.869 
50 7.3136 8.9166 65.60 8.3651 8.2919 7.00 o.n3 
50 7.5321 9.0469 68.40 8.5679 8.5090 6.00 0.943 
50 mean 8.3968 9.9933 66.93 9.4651 9.3948 6.67 0.862 
55 3.9933 5.8597 69.60 5.2926 5.2151 6.00 0.652 
-
55 7.4291 8.6320 70.30 8.2748 8.2266 6.00 0.419 
55 10.3697 11.7268 65.90 11.2638 11.2092 6.00 0.701 
55 mean 7.2640 8.7395 68.60 · 8.2771 8.2170 6.00 0.591 
60 7.2427 8.6697 65.60 8.1783 8.1232 6.00 0.898 
60 7.1608 8.5446 66.10 8.0756 8.0225 6.00 0.817 
60 7.0560 8.4433 65.80 7.9691 7.9107 6.00 0.923 
60mean 7.1532 8.5525 65.83 8.0743 8.0188 6.00 0.879 
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Depth (cm) Crucible Wet %H20 Dry 550oC %OM BO (dry) g/cc 
65 7.2714 8.6129 69.10 8.1982 8.1501 5.00 1.117 
65 7.0726 8.3960 64.10 7.9210 7.8681 6.00 1.052 
65 7.2302 8.5978 64.40 8.1116 8.0584 6.00 1.036 
65mean 7.1914 8.5356 65.87 8.0769 8.0255 5.67 1.068 
70 3.6060 4.9829 67.10 4.5297 4.4773 6.00 1.299 
70 7.2993 8.7008 63.60 8.1907 8.1358 6.00 0.846 
70 7.0609 8.4888 66.20 8.0056 7.9495 6.00 0.894 
70 mean 5.9887 7.3908 65.63 6.9087 6.8542 6.00 1.013 
73 4.0778 5.5397 65.70 5.0385 4.9754 7.00 0.936 
73 3.8474 5.1364 65.40 4.6907 4.6270 8.00 0.915 
73 4.2549 5.7815 65.80 5.2596 5.1898 7.00 0.913 
73 mean 4.0600 5.4859 65.63 4.9963 4.9307 7.33 0.921 
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APPENDIXF 
SEDIMENT CORE NUTRIENT ANALYSIS 
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15 to 50 dilution 
Depth (cm) Dry wt (g) TP ug/L mgTP /sample ugTP /dry wt. 
0.0434 0.15 5.0 0.217 
2 0.0505 0.03 1.0 0.051 
3 0.0462 0.03 1.0 0.046 
4 0.0475 0.05 1.7 0.079 
5 0.0664 0.07 2.3 0.155 
6 0.0757 0.05 1.7 0.126 
7 0.0483 0.05 1.7 0.081 
8 0.0484 0.21 7.0 0.339 
9 0.0474 0.19 6.3 0.300 
10 0.0477 0.11 3.7 0.175 
12 0.0489 0.20 6.7 0.326 
14 0.0464 0.07 2.3 0.108 
16 0.0475 0.00 0.0 0.000 
18 0.0493 0.03 1.0 0.049 
20 0.0590 1.00 33.3 · 1.967 
22 0.0556 1.58· 52.7 2.928 
24 0.0585 2.00 66.7 3.900 
26 0.0542 0.03 1.0 0.054 
28 0.0512 0.08 2.7 0.137 
30 0.0504 0.07 2.3 0.118 
35 0.0590 0.03 1.0 0.059 
40 0.0593 1.00 33.3 1.977 
45 0.0556 0.00 0.0 0.000 
50 0.0487 0.00 0.0 0.000 
55 0.0582 0.02 0.7 0.039 
60 0.0574 1.00 33.3 1.913 
65 0.0517 0.03 1.0 0.052 
70 0.0572 0.00 0.0 0.000 
73 0.0571 0.03 1.0 0.057 
blank 0.0000 0.01 0.3 0.000 
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1 o to 50 dllutlon 
Depth (cm) Dry wt (g) Femg/L mgFe/sample mgFe/dry wt. 
1 0.0434 0.12 6.0 0.26 
2 0.0505 0.09 4.5 0.23 
3 0.0462 0.08 4.0 0.18 
4 0.0475 0.12 6.0 0.29 
5 0.0664 0.23 11.5 0.76 
6 0.0757 0.11 5.5 0.42 
7 0.0483 0.10 5.0 0.24 
8 0.0484 0.27 13.5 0.65 
9 0.0474 0.22 11.0 0.52 
10 0.0477 0.21 10.5 0.50 
12 0.0489 0.14 7.0 0.34 
14 0.0464 0.12 6.0 0.28 
16 0.0475 0.11 5.5 0.26 
18 0.0493 0.06 3.0 0.15 
20 0.0590 0.10 5.0 0.30 
22 0.0556 0.13 6.5 0.36 
24 0.0585 0.15 7.5 0.44 
26 0.0542 0.12 6.0 0.33 
28 0.0512 0.05 2.5 0.13 
30 0.0504 0.07 3.5 0.18 
35 0.0590 0.07 3.5 0.21 
40 0.0593 0.08 4.0 0.24 
45 0.0556 0.05 2.5 0.14 
50 0.0487 0.08 4.0 0.19 
55 0.0582 0.06 3.0 0.17 
60 0.0574 0.04 2.0 0.11 
65 0.0517 0.55' 27.5 1.42 
70 0.0572 0.05 2.5 0.14 
73 0.0571 0.03 1.5 0.09 
blank 0.0000 0.01 0.5 0.00 
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15 to 50 dilution 
Depth (cm) Dry wt (g) TS ug/L ugTS/sample ugTS/dry wt. 
1 0.0434 31 1.03 0.045 
2 0.0505 5 0.17 0.008 
3 0.0462 31 1.03 0.048 
4 0.0475 34 1.13 0.054 
5 0.0664 38 1.27 0.084 
6 0.0757 22 0.73 0.056 
7 0.0483 28 0.93 0.045 
8 0.0484 n 2.57 0.124 
9 0.0474 46 1.53 0.073 
10 0.04TT 41 1.37 0.065 
12 0.0489 29 0.97 0.047 
14 0.0464 37 1.23 0.057 
16 0.0475 4 0.13 0.006 
18 0.0493 24 a.so· 0.039 
20 0.0590 6 0.20 0.012 
22 0.0556 27 0.90 0.050 
24 0.0585 19 0.63 0.037 
26 0.0542 27 0.90 0.049 
28 0.0512 6 0.20 0.010 
30 0.0504 21 0.70 0.035 
35 0.0590 4 0.13 0.008 
40 0.0593 19 0.63 0.038 
45 0.0556 2 0.07 0.004 
50 0.0487 1 0.03 0.002 
55 0.0582 2 0.07 0.004 
60 0.0574 37. 1.23 0.071 
65 0.0517 26 0.87 0.045 
70 0.0572 2 0.07 0.004 
73 0.0571 45 1.50 0.086 
blank 0.0000 0 0.00 0.000 
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APPENDIXG 
POLLEN IDENTIFICATION AND ENUMERATION 
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Pollen Sum for Control Site by Family for Each Depth (cm) 
Taxa 1 8 9 10 12 14 16 
Plnus 6 9 8 2 3 3 5 
Acer 9 12 11 13 15 13 11 
Batu/a 10 13 3 15 9 10 11 
Fraxinus 0 0 0 2 3 2 1 
Jug/ans 12 11 12 9 7 8 11 
Quarcus 2 3 1 0 3 5 6 
Camus 0 0 0 0 0 0 3 
Salix 3 0 1 0 1 2 0 
Platanus 0 1 2 0 2 3 5 
Ulmus 0 0 2 0 0 1 
Carya 3 4 4 6 5 3 2 
Fagus 0 1 1 3 1 2 
Magnolia 1 3 2 1 0 0 3 
Poaceae 24 17 25 22 19 23 16 
Chenopodiaceae 0 0 0 0 0 0 1 
Cyperaceae 1 3 4 6 7 3 2 
RumSK 1 1 2 0 3 0 1 
Prlmulaceae 0 2 0 0 0 3 0 
Ambrosia 16 11 13 8 9 5 4 
Other Asteraceae 1 3 3 4 7 6 5 
Rosaceae 2 0 0 0 2 7 2 
Rubiaceae 1 1 0 0 0 0 3 
Scrophularlaceae 1 0 0 0 2 0 0 
Verbenaceae 0 0 0 1 0 0 0 
Polygonaceae 2 4 3 5 2 2 
Unknown 4 1 5 1 0 2 3 
Typha 1 0 ' 0 0 1 0 3 
Sphagnum 0 0 0 0 0 0 0 
Nuphar 2 7 6 11 3 2 6 
Lycopodium 8 3 5 5 3 6 4 
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Pollen Sum for Control Site by Family for Each Depth (cm) 
T8lC8 18 20 22. 24 26 28 30 
Plnus 4 2 2 5 4 8 2 
Acer 9 6 9 6 6 7 5 
Batu/a 9 8 5 4 11 13 2 
Fraxinus 2 1 1 1 0 3 2 
Jug/ans 8 8 5 4 6 6 5 
Quercus 5 8 9 11 11 15 10 
Camus 0 0 1 2 1 3 2 
Salix 2 2 1 4 1 2 2 
Platanus 2 3 1 5 2 2 3 
Ulmus 1 2 0 1 0 1 3 
Ca,ya 7 1 2 3 0 1 2 
Fagus 2 3 5 5 3 3 9 
Magnolia 5 0 1 2 3 3 5 
Poaceae 7 15 19 17 11 2 18 
Chenopodiaceae 1 1 0 1 2 0 0 
Cyperaceae 0 2 7 4 9 5 6 
Rumax 2 0 1 1 2 0 0 
Prlmulaceae 5 0 4 0 3 0 0 
Ambrosia 11 16 11 10 11 10 8 
Other Asteraceae 9 11 9 4 5 8 7 
Rosaceae 0 3 2 3 3 2 1 
Rubiaceae 2 1 0 0 0 1 0 
Scrophularlaceae 0 0 0 1 0 2 0 
Verbenaceae 2 3 2 3 2 0 3 
Polygonaceae 3 2 2 3 1 3 4 
Unknown 2 2 1 0 3 0 1 
Hydrophytes 
Typha 0 0 0 2 0 0 1 
Sphagnum 0 0 0 2 1 0 0 
Nuphar 3 8 9 7 8 5 2 
Lycopodium 6 3 4 3 5 6 1 
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Pollen Sum for Control Site by Family for Each Depth (cm) 
Taxa 35 40 45 50 55 60 65 
Plnus 5 1 3 2 2 3 1 
Acer 3 3 4 5 3 2 3 
Batu/a 0 2 2 5 7 5 9 
Fraxinus 1 0 3 5 0 1 0 
Jug/ans 9 5 7 9 11 11 13 
Quercus 13 10 24 20 21 23 22 
Camus 3 5 0 3 5 4 2 
Salix 1 3 2 5 1 2 2 
Platanus 5 3 1 0 0 0 0 
Ulmus 5 2 4 2 3 3 2 
Ca,ya 2 0 3 5 1 2 5 
Fagus 3 4 5 2 7 6 3 
Magnolia 0 5 1 1 3 5 5 
Poaceae 21 25 22 11 13 10 11 
Chenopodlaceae 3 2 3 3 5 4 0 
Cyperaceae 6 13 2 1 6 11 13 
Rum8l( 3 0 0 1 0 0 2 
Prlmulaceae 1 1 0 0 0 0 0 
Ambrosia 5 3 2 2 3 2 1 
· Other Asteraceae 5 6 3 4 1 2 1 
Rosaceae 0 2 1 0 0 0 
Rublaceae 0 2 0 0 1 0 0 
Scrophularlaceae 0 0 0 2 0 1 
Verbenaceae 1 1 0 4 3 2 1 
Polygonaceae 3 2 5 1 1 0 3 
Unknown 2 0 3 7 2 0 
Typha 0 0 0 0 2 0 0 
Sphagnum 2 3 1 0 0 1 0 
Nuphar 2 3 2 1 2 3 2 
Lycopodium 4 6 3 8 9 11 5 
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Pollen Sum for Control Site by FamUy for Each Depth (cm) 
Taxa 70 · 73 Total 
Plnus 2 1 83 
Acer 3 3 161 
Batu/a 13 10 176 
Fraxinus 0 2 30 
Jug/ans · 17 9 203 
Quercus 25 24 271 
Camus 5 7 46 
Salix 3 1 41 
Platanus 0 4 44 
Ulmus 5 3 41 
Ca,ya 2 0 63 
Fagus 4 5 78 
Magnolia 2 1 52 
Poaceae 14 9 371 
Chenopodlaceae 2 0 28 
Cyperaceae 0 0 111 
Rumex 0 0 20 
Primulaceae 0 1 20 
Ambrosia 2 3 166 
Other Asteraceae 0 4 108 
Aosaceae 0 0 31 
Aublaceae 0 0 12 
Scrophularlaceae 0 2 12 
Verbenaceae 1 3 32 
Polygonaceae 0 3 55 
Unknown 0 5 45 
Typha 0 0 10 
Sphagnum 0 0 10 
Nuphar 3 1 98 
Lycopodium 4 3 115 
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Pollen Concentration at Control Site by Family for Each Depth (cm) 
Taxa 1 8 . 9 10 12 14 
Plnus 0.75 3.00 1.60 0.40 1.00 0.50 
Acer 1.13 4.00 2.20 2.60 5.00 2.17 
Batu/a 1.25 4.33 0.60 3.00 3.00 1.67 
Fraxinus o.oo' 0.00 0.00 0.40 1.00 0.33 
Jug/ans 1.50 3.67 2.40 1.80 2.33 1.33 
Quercus 0.25 1.00 0.20 0.00 1.00 0.83 
Comus 0.00 0.00 0.00 0.00 0.00 0.00 
Salix 0.38 0.00 0.20 0.00 0.33 0.33 
Platanus 0.00 0.33 0.40 0.00 0.67 0.50 
Ulmus 0.13 0.00 0.00 0.40 0.00 0.00 
Ca,ya 0.38 4.00 0.80 1.20 1.67 0.50 
Fagus 0.00 0.33 0.20 0.60 0.33 0.17 
Magnolia 0.13 1.00 0.40 0.20 0.00 0.00 
Poaceae 0.38 5.67 5.00 4.40 6.33 3.83 
Chenopodlaceae 0.00 0.00 0.00 0.00 0.00 0.00 
Cyperaceae 0.13 1.00 0.80 1.20 2.33 0.50 
Rumex 0.13 0.33 0.40 0.00 1.00 0.00 
Prlmulaceae 0.00 0.67 0.00 0.00 0.00 0.50 
Ambrosia 2.00 3.67 2.60 1.60 3.00 0.83 
Other Asteraceae 0.13 1.00 0.60 0.80 0.67 1.00 
Rosaceae 0.25 0.00 o.oo 0.00 0.67 1.17 
Rublaceae 0.13 0.33 0.00 0.00 0.00 0.00 
Scrophularlaceae 0.13 0.00 0.00 0.00 0.67 0.00 
Verbenaceae 0.00 0.00 0.00 0.20 0.00 0.00 
Polygonaceae 0.25 - 1.33 0.60 1.00 0.67 0.33 
Unknown 0.50 0.33 1.00 0.20 0.00 0.33 
Typha 0.13 0.00' 0.00 0.00 0.33 0.00 
Sphagnum 0.00 0.00 0.00 0.00 0.00 0.00 
Nuphar 0.25 2.33 1.20 2.20 1.00 0.33 
Lycopodium 8 3 5 5 3 8 
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Pollen Concentration at Control Site by Family for Each Depth (cm) 
Taxa 16 18 20 22 24 26 
Plnus 1.25 0.67 0.67 0.50 1.67 0.80 
Acer 2.75 1.50 2.00 2.25 2.00 1.20 
Batu/a 2.75 1.50 2.67 1.25 1.33 2.20 
Fraxinus ' 0.25 0.33 0.33 0.25 0.33 0.00 
Jug/ans 2.75 1.33 2.67 1.25 1.33 1.20 
Quercus 1.50 0.83 2.67 2.25 3.67 2.20 
Camus 0.75 0.00 0.00 0.25 0.67 0.20 
Salix 0.00 0.33 0.67 0.25 1.33 0.20 
Platanus 1.25 0.33 1.00 0.25 1.67 0.40 
Ulmus 0.25 0.17 0.67 0.00 0.33 0.00 
Calya 0.50 1.17 0.33 0.50 1.00 0.00 
Fagus 0.50 0.33 1.00 1.25 1.67 0.60 
Magnolia 0.75 0.83 0.00 0.25 0.67 0.60 
Poaceae 4.00 1.17 5.00 4.75 5.67 2.20 
Chenopodiaceae 0.25 0.17 0.33 0.00 0.33 0.40 
Cyperaceae 0.50 0.00 0.67 1.75 1.33 1.80 
Rume,c 0.25 0.33 0.00 0.25 0.33 0.40 
Prlmulaceae 0.00 0.83 0.00 1.00 0.00 0.60 
Ambrosia 1.00 1.83 5.33 2.75 3.33 2.20 
Other Asteraceae 1.25 1.50 3.67 2.25 1.33 1.00 
Rosaceae 0.50 0.00 1.00 0.50 1.00 0.60 
Rubiaceae 0.75 0.33 0.33 0.00 0.00 0.00 
Scrophulariaceae 0.00 0.00 0.00 0.00 0.33 0.00 
Verbenaceae 0.00 0.33 1.00 0.50 1.00 0.40 
Polygonaceae 0.50 0.50 0.67 0.50 1.00 0.20 
Unknown 0.75 o.~ 0.67 0.25 0.00 0.60 
Typha 0.75 0.00 0.00 0.00 0.67 0.00 
Sphagnum 0.00 0.00 0.00 0.00 0.67 0.20 
Nuphar 1.50 0.50 2.67 2.25 2.33 1.60 
Lycopodium 4 6 3 4 3 5 
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Pollen Concentration at Control Site by Family for Each Depth (cm) 
Taxa 28 30 35 40 45 50 
Plnus 1.33 2.00 1.25 0.17 1.00 0.25 
Acer 1.17 5.00 0.75 0.50 1.33 0.63 
Batu/a 2.17 2.00 0.00 0.33 0.67 0.63 
Fraxlnus o.50' 2.00 0.25 0.00 1.00 0.63 
Jug/ans 1.00 · 5.00 2.25 0.83 2.33 1.13 
Quercus 2.50 10.00 3.25 1.67 8.00 2.50 
Comus 0.50 2.00 0.75 0.83 0.00 0.38 
Salix 0.33 2.00 0.25 0.50 0.67 ·o.63 
Platanus 0.33 3.00 1.25 0.50 0.33 0.00 
Ulmus 0.17 3.00 1.25 0.33 1.33 0.25 
Ca,ya 0.17 2.00 0.50 0.00 1.00 0.63 
Fagus 0.50 9.00 0.75 0.67 1.67 0.25 
Magnolia 0.50 5.00 0.00 0.83 0.33 0.13 
Poaceae 0.33 18.00 5.25 4.17 7.33 1.38 
Chenopodiaceae 0.00 0.00 0.75 0.33 1.00 0.38 
Cyperaceae 0.83 6.00 1.50 2.17 0.67 0.13 
Rumex 0.00 0.00 0.75 0.00 0.00 0.13 
Prlmulaceae 0.00 o.oo 0.25 0.17 0.00 0.00 
Ambrosia 1.67 8.00 1.25 0.50 0.67 0.25 
Other Asteraceae 1.33 7.00 1.25 1.00 1.00 0.50 
Rosaceae 0.33 1.00 0.00 0.33 0.33 0.00 
Rubiaceae 0.17 0.00 0.00 0.33 0.00 0.00 
Scrophulariaceae 0.33 0.00 0.00 0.00 0.00 0.25 
Verbenaceae 0.00 3.00 0.25 0.17 0.00 0.50 
Polygonaceae 0.50 4.00 0.75 0.33 1.67 0.13 
Unknown 0.00 1.00 0.50 0.00 1.00 0.88 
Typha 0.00 1.00' 0.00 0.00 0.00 0.00 
Sphagnum 0.00 0.00 0.50 0.50 0.33 0.00 
Nuphar 0.83 2.00 0.50 0.50 0.67 0.13 
Lycopodium B 1 4 6 3 8 
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Pollen Concentration at Control Site by Family for Each Depth (cm) 
Taxa 60 65 70 73 
Plnus 0.27 0.20 0.50 0.33 
Acer 0.18 0.60 0.75 1.00 
Batu/a 0.45 1.80 3.25 3.33 
Frax/nus 0.09 0.00 0.00 2.30 
Jug/ans · 1.00 2.60 4.25 3.00 
Quercus 2.09 4.40 6.25 8.00 
Camus 0.36 0.40 1.25 2.33 
Salix 0.18 0.40 0.75 0.33 
Platanus 0.00 0.00 0.00 1.25 
Ulmus 0.27 0.40 1.25 1.00 
Ca,ya 0.18 1.00 0.50 0.00 
Fagus 0.55 0.60 1.00 1.67 
Magnolia 0.45 1.00 0.50 0.33 
Poaceae 0.91 2.20 3.50 3.00 
Chenopodlaceae 0.36 0.00 0.50 0.00 
Cyperaceae 1.00 2.60 0.00 0.00 
Rum8K 0.00 0.40 0.00 0.00 
Prlmulaceae 0.00 0.00 0.00 0.33 
Ambrosia 0.18 0.20 0.50 1.00 
Other Asteraceae 0.18 0.20 0.00 0.75 
Rosaceae 0.00 0.00 0.00 0.00 
Rublaceae 0.00 0.00 0.00 0.00 
Scrophularlaceae 0.09 0.20 0.00 0.67 
Verbenaceae 0.18 0.20 0.25 1.00 
Polygonaceae 0.00 0.60 0.00 1.00 
Unknown 0.09 0.00 0.00 1.67 
Typha 0.00 0.00 0.00 0.00 
Sphagnum 0.09 0.00 0.00 0.00 
Nuphar 0.27 0.40 0.75 0.33 
Lycopodium 11 5. 4 3 
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